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Kegraded  UNCLASSIFIED 
^^^I'^WWr^iiT;?  Authority  Executive  Order  10501 


This  report  contains  much  information  about  present  and  proposed  trans- 
portation routes,  generating  stations,  transmission  lines  and  manufacturing 
installations  which  are  vital  to  the  war  effort.  This  information  might 
be  of  great  value  to  enemy  agents  planning  bombing  or  sabotage  operations. 
Accordingly  the  "War  Department  has  classified  the  report  as  "RESTRICTED", 
Publication  or  reproduction  of  any  part  of  this  report  or  of  any  of  its 
appendices,  plates  or  maps  is  prohibited.  The  Array  Regulations  regarding 
the  dissemination  of  "restricted"  matter  read  as  follows: 

"The  information  contained  in  restricted  documents 
and  the  essential  characteristics  of  restricted  materiel 
will  not  be  communicated  to  the  public  or  to  the  press, 
but  may  be  given  to  any  person  known  to  be  in  the  service 
of  the  United  States  and  to  persons  of  undoubted  loyalty 
and  discretion  who  are  cooperating  in  Government  work," 


Colonel,  C 


of  Engrs.,  U,  S.  Array 
;rict  Engineer. 


_Y_ 


V(AR  DEPARTMENT 

United  States  Engireer  Office 

St.   Lawrence   River  District 

Masseua,   h,   Y« 


April    ?0,   19 -2. 


Subject:      Report  on  proposed  St.    La-wrence  River  Project 
(Internation&l  Rapids   section). 

To:  The  Chief   of   Engineers,   U.    S.   Anr.y,  Vfashington,    D.    C. 


CHAPTER   I   -  IKTRCDUCTORY 

1.  a,      I  submit  herewith  my  report   on  the   proposed  n&vigation  and 
hydroelectTic   power  development   in  that  portion   of  the   St,    Lawrence 
River  known  as   the   Interne-'- ional  Rapids   Section,    corr.prising  approximate- 
ly 46  miles   of   river  between  Chimney  Point    (near  Ogdensburg)   and 

St.    Regis,  Kew  York.      The   engineering  investigation  was   undertaken  ir. 
response  to  your   directive  .atd   the    provisions   of  Executive   Order  No, 8568 
issued  October   16,   1S40,      The   report   consists   of  four  chapters   supple- 
mented by  a  number  of  appendices  thereto, 

b.  The   proposed  project  contemplates   the   development    of   ap- 
proximately 2,200,000  horsepower  of  hydroelectric   power  and  provision  of 
a  navigation  channel   having   a  minimum  depth  of   27  feet  throughout   the 
reach.      It  will  be   accomplished  by   construction   of  dams,    powerhouses, 
locks,   canals,   dikes,   and  by  channel  excavation  where  necessary. 

c.  The  following  general   plates  are  bound  herein; 

li  Genera]   iiap   of  St.    Lawrence  River   System. 

M-I  General   Plan,   Controlled    3ingle-Stage  Project, 

238-242,   Recommended   Flan  (1942). 

H-IA       General   Plan,   Controlled  Single-Stage  Project, 
238-242,  Alternate  Plan   (1942), 

M-II        General  Plan,   Controlled  Single-stage  Project, 
238-242,   Original  Plan  (1940). 

M-III     Profiles,  Controlled  Single-stage  Project,   238-242. 

d.  The  preliminary  explorations  and  preparation  of  prelimi- 
nary plans  £Uid  specifications  assigned  to  the  Corps  of  Engineers  under 
the   following  authorizing  directives   have  been  completed, 

2,  AUTFORIZING   DIRECTIVES.    -   a,      Sxeoutive   Order  Fo.    8568.    -  On 

-1- 


Octoher  16,  1940,  the  President  issued  Executive  Order  No,  8568,  which 
reads  as  followst 

'By  virtue  of  the  authority  vested  in  me  by  the 
act  entitled  "An  ^^ct  making  appropriations  for  the 
Nevy  Department  and  the  Naval  Service  for  the  fiscal 
year  ending  Juno  30,  1941,  and  for  other  purposes', 
approved  June  11,  1940  (Pub,  No,  588,  76th  Cong,), 
and  by  the"  Tfilitary  Appropriation  Act,  1941,  approved 
Jxme  13,  1940  (Pub,  No,  611,  76th  Cong,),  and  as  Presi- 
dent of  the  United  States,  and  in  order  to  provide  for 
emergencies  affectir^  the  national  security  and  defense, 
it  is  hereby  orderoti  as  follows: 

"1,   There  is  hereby  established  the  St,  Lawrence  Ad- 
visory Committee,  consisting  of  Leland  Olds,  Chairman  of 
the  Federal  Power  Commission,  as  Chairman;  A,  A.  Berle, 
Assistant  Secretary  of  State;  Brigadier  General  Thomas  M, 
Robins  of  the  Board  of  Eingineers  for  Rivers  and  Farbors, 
Corps  of  Engineers,  United  States  Army;  and  Gerald  V, 
Cruise,  representative  of  the  Trustees  of  the  Power  Author- 
ity of  the  State  of  V.ev;   York,   It  shall  be  the  duty  of  the 
Committee  to  advise  the  President  with  respect  to  the  mat- 
ters hereinafter  set  forth,  and  to  perform  such  other 
functions  as  th^  President  may  determine, 

"2,   The  Federal  Power  Commission  and  the  Corps  of 
Engineers,  United  States  Army,  are  authorized,  empowered, 
end  directed,,,, 

"(a)  To  make  such  preliminary  investigations 
as  the  Advisory  Cwnmittee  may  consider  appropriate 
or  necess«^ry  with  respect  to  development  of  navi- 
gation and  hy-d  roe  lee  trie  power  in  the  International 
Rapids  Section  of  the  St,  Lawrence  River,  including 
among  other  things,  (1)  preliminary  investigations  of 
the  potential  dam  site  by  means  of  core  borings,  test 
pits,  soil  analyses,  etc,  (2)  preliminary  surveys  of 
lands  necessary  for  such  development,  and  investi- 
gation of  the  titles  to  such  lands,  and  (3)  prepa- 
ration of  preliminary  plans  and  specifications, 

"(b)  To  make  periodic  reports,  with  recommen* 
dations  to  the  President,  of  the  results  of  the 
aforesaid  investigations, 

"(o)  To  consult  and  cooperate  with  appropriate 
agencies  of  the  Canadian  Government, 

"3,  In  the  performance  of  their  functions  and  duties 
under  this  order  the  Federal  Power  Commission  and  the  Corps 
of  Engineers,  United  States  Army,  may  avail  themselves  of 
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the  services,  reoords,  reports,  and  information  of  the 
executive  Departments  and  other  agencies  of  the  Goveriqpent, 

"4.   The  Federal  Power  Commission  and  Corps  of  Engi- 
neers, United  States  Army,  shall  have  authority  to  appoint, 
without  regard  to  the  civil  service  lai-.s,  such  officers, 
experts,  nnd  employees  as  they  may  deem  necessary  to  carry 
out  their  functions  under  this  order,  and  to  prescribe  their 
functions,  duties,  responsibilities,  and  tenure. 

The  White  House 

October  18,  1940  Franklin  D.  Roosevelt," 

b.  Allotment  of  Funds.-  Cn  October  10,  1940,  the  president 
transmitted  a  message  to  Congress  stating  among  other  things  that  he  had 
allocated  ^1,000,000  froir.  special  defense  funds  for  carrying  out  the 
preliminary  work  authorized  in  the  Order,   This  message  "was  printed  as 
House  Document  Ko,  978,  76th  Congress,  3rd  Session,  and  a  copy  is  in- 
cluded in  Appendix  A-2,   On  the  stxme  date,  the  president  sent  a  letter 
to  the  Secretary  of  War  requesting  that  the  preliminary  engineering  work 
of  the  Corps  of  tjngineers  be  initiated  immediately  and  informing  him 
that  funds  in  the  amount  of  ^;50,000  and  |950,000  were  being  allocated 

to  the  Federal  Power  Commission  and  to  the  Corps  of  Engineers,  respect- 
ively, for  their  investigations.   The  Secretary  of  Far  replied  ^hat  the 
Chief  of  >"ngineers  was  providing  for  immediate  initiation  of  the  work 
and  its  completion  v;ithout  delay.   The  first  allotment  of  funds  was 
supplemented  by  an  additional  allotment  of  ;|^400,000  which  was  made 
available  on  December  ,24,  1941, 

c,  St,  Lawrence  River  District,-  The  Chief  of  Engineers  by 
General  OrTTers  Lio,  5  dated  October  25,  1940,  established  a  special  en- 
j;ineer  district  knovn  as  the  St,  Lawrence  Rivir  District,  detailed  au 
officer  of  the  Corps  of  Engineers  to  act  as  Tistrict  Engineer,  and  di- 
rected that  the  field  work  assigned  to  the  Corps  of  Engineers  by  the 
aforementioned  Executive  Order  be  undertaken  without  delay.   General 
Orders  No,  14,  O.C.E. ,  dated  April  11,  1942,  abolishes  the  St.  Lawrence 
River  District,  effective  May  ],  1S42,   Th.e  work  assigned  hIkVing  been 
accomplished  by  this  district,  the  records  and  files  will  be  transferred 
to  the  Pew  York  District,  New  York,  K,Y, 

3.   TFE  MISSION  OF  THE  ST,  LA?.'RE>JCE  RIVER  DISTRICT,-  _a.   In 
accordance  with  the  foregoing  directives,  the  assembling  of  an  engineer- 
ing and  executive  organization  was  begun  immediately  and  district  head- 
quarters were  opened  in  Massena,  New  York,  on  November  4,  1940,   The 
Federal  Power  Commission  received  about  four  per  cent  and  the  Corps  of 
Snf,ineers  about  ninety-six  per  cent  of  the  funds  provided  for  this  work. 
The  assignment  of  engineering  work  by  the  advisory  Committee  has  been  in 
a  somewhat  similar  ratio  between  the  two  organizations, 

b^.   The  United  States  Advisory  Committee  held  joint  meetings 
with  the  correp;7ording  Canadian  Committee  and  the  "Original  238-242  Plan'" 
as  described  i.  ;  ragraph  10  and  shown  on  Plate  M-II  bound  herein,  was 
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accepted  as  the  general  plan  for  study.   General  instructions  as  to  the 
work  to  be  undertaken  were  issued. 

c.   The  District  Engineer  immediately  begem  negotiations  -with 
contractors  for  subsurface  explorations,  and  a  negotiated  unit  price 
contract  was  entered  into  with  Sprague  &  Fenwood,  Inc.  of  Scranton, 
Pennsylvania,  A  ocntract  was  entered  into  with  the  Harra  Engineering 
Company  of  Chicago,  Illinois  to  make  designs  and  prepare  plans  and 
specifications  for  the  powerhouse  and  necessary  equipment, 

d^.   The  other  work,  including  the  following  major  items,  was 
undertaken  by  Government  forces, 

(1)  General  studies  of  all  related  problems, 

(2)  Design  and  preparation  of  plans  and  specifications 
for  the  Lcng  Sault  and  the  Iroquois  Point  Dams, 

(3)  Studies  and  preparation  of  plans  and  specifications 
for  all  navigation  facilities,  including  those  necessary  to  maintain  the 
existing  l4-foot  navigation  during  the  construction  period, 

(4)  Inspection  and  supervision  of  all  contract  work* 

(5)  Collection  of  all  existing  data  and  sirveys  to  obtain 
additional  necessary  information, 

(6)  Purchase  and  erection  of  a  cableway  to  provide  access 
to  Barnhart  Island  during  the  winter, 

e.  Considerable  difficulty  was  experienced  in  obtaining  quit- 
able  personnel  due  to  the  unusual  activity  throughout  the  country  in 
connection  with  national  defense.  An  organization  of  approximately  300 
members  was  finally  assembled.  Great  credit  is  due  to  the  employees  of 
the  District  who  endured  unsatisfactory  housing  conditions  during  the 
severe  v.'lnter  of  1940-1941  and  at  the  sane  time  gave  their  best  efforts 
to  the  work, 

f.  Studies  of  each  principal  feature  of  the  proposed  project 
works  were"~undertak9n  to  determine  all  pertinent  facts.  Surveys  and 
subsurface  explorations  were  carried  out  to  provide  detailed  information 
regarding  foundation  conditions  not  only  at  the  sites  tentatively  selec- 
ted in  the  report  but  at  numerous  alternate  sites,  in  order  that  the 
best  location  could  be  selected.  Alternate  designs  and  cost  estimates 
were  worked  out  and  the  most  desirable  plan  was  selected  by  comparison 
and  elimination,   Canadian  engineers  and  several  consultairbs  joined  in 
these  discus  si  CCS, 

g.  Certain  items  such  as  acquisition  of  land  and  rehabilita- 
tion measures  oh   the  Canadian  side,  Tdiich  by  the  terms  of  the  agreement 
are  to  be  handled  by  the  Canadian  Government,  were  not  studied  in  de- 
tail; however,  through  contact  with  Canadian  officials  these  items  re- 
ceived sufficient  consideration  to  assure  that  the  proposed  plans  are 
satisfactory  with  respect  to  these  items.   It  has  been  the  aim  of  the 
District  Engineer  to  perfect  the  plans,  ccmplete  the  designs,  and  pre- 
pare contract  drawings  and  specifications  so  that  contracts  for  the 
principal  work  items  could  be  entered  into  with  the  least  possible  delay 
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when  airthority  for  the  work  is  reoeived. 

h.   Since  under  the  International  Agreement  of  March  19,  1941, 
all  contracts  req\dre  approval  of  the  Great  Lakes  -  St.  Lawrence  Basin 
Commission,  (see  paragraph  10a)  none  of  the  engineering  decisions  re- 
corded in  this  report  and  none"  of  the  plans  and  specifications  accompany- 
ing it  can  be  considered  final,  but  should  be  considered  merely  as  the 
reoonunendation  of  the  District  Engineer.   Every  effort  has  been  made  to 
assure  that  all  features  herein  presented  are  oatisfactory  to  the  Corps 
of  Engineers  and  to  the  Department  of  Transport,  It  is  believed  that 
the  presentation  of  this  report  to  the  Great  Lakes  -  St,  Lawrence  Basin 
Commission  will  assist  t^'at  body  and  will  expedite  the  construction  of 
the  proposed  project, 

4,  ARRAMGEMENT  OF  REPORT,  a.  Report.-  The  report  consists  of  two 
principal  divisions ^  (1)  the  report  proper,  and  (2)  the  appendices.  An 
attempt  has  been  made  to  limit  the  report  to  concise  and  yet  complete 
statements  covering  work  performed  and  containing  only  such  general  maps 
and  plans  as  are  necessary  for  intelligent  reading.   Detailed  plans, 
specifications,  analyses  of  design,  maps  and  cost  estimates  form  the 
appendices.  All  other  general  data  such  as  maps,  charts,  previous  re- 
ports, printed  matter,  and  field  notes  are  contained  in  the  St.  Lawrence 
River  District  files.  These  data,  v^hich  have  been  indexed,  are  readily 
available  for  future  reference.   The  report  proper  consists  of  four 
Chapters  as  shown  below: 

(1)  CFAFTER  I  -  INTRODUCTORY 

General  information;  authority  for  the  work;  des- 
cription and  geology  of  the  region;  previous  reports;  basic  plan, 

(2)  CHAPTER  II  -  SURVEYS,  STL'DIES  AND  IF/ESTIGATIOMS 

Previous  available  data;  new  data;  availability  of 
construction  material,  particularly  concrete  aggregates;  design  criteria; 
transportation  facilities;  organization  for  construction;  and  housing 
and  related  problems, 

(3)  CFAPTER  III  -  PROPOSED  PPOJECT  FORKS 

Description  of  plans  and  sequence  of  construction  for 
each  major  subdivision  (designated  as  "feature"  in  this  report)  with 
estimates  of  the  time  required  for  construction. 

(4)  CFAPTER  IV  -  ESTIM.'VTES 

Complete  estimates  of  cost  for  the  entire  project  with 
discussions  and  comparisons  with  other  plans  and  estimated  expenditures 
by  fiscal  years.  Unit  prices  of  material  and  wage  scales  used  in  pre- 
paring the  estimates  of  cost  are  generally  those  existing  as  of  the  sum- 
mer of  1941,  Allowances  of  18,  21  and  25  per  cent  have  been  included 
for  engineering  and  contingencies  as  indicated  in  the  estimates  of  the 
various  features, 
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b.  Appendices,-  The  general   scheme  for  the  appendices   is  that 
those  of  a   general  nature  are  designated  by  capital  letters  and  those 
which  pertair.  to  one  or  a  few  features   in  the   report  proper  are  desig- 
nated by  the  same  numeral  as  the    corresponding  feature  in  the  report; 
for  example,  an  appendix  pertaining  to  F^at^jre  No.   15  of  Chapter  III  is 
designated   as  Appendix  III -15.     An  effort  has  been  made  to  arrange  the 
appendices   so  that   complete  data  will  be  available   for  further  detail 
study  of  the  matter  and   to   show  the  worlc  performed,  the  methods  used, 
and  the    results  obtained. 

c.  Priorities.-  As   a  rule,  plans  and   specifications   prepared 
during  the""oalendar  year  1941  were  based  on  the  priorities  and  prohibi- 
tions  regarding  the  use  and  availability  of  materials   in  effect  at  the 
time.      Since  the  entrance  of  the  United  States  into  war,  it  has  been 
impossible  to  revise  the   plans  and  specifications  to  conform  with  the 
changing  status   of  priorities  and  prohibitions.     If  construction  of  the 
project  is  undertaken  under  these  abnormal  conditions,   it  will  be  neces- 
sary to   revise  the   plans  and  specifications  to  adapt  them  to   conditions 
which  may  exist  during  the   construction  period, 

d.  Status   of  Completion  of  Work  Items.-  -/Then  this  work  was 
started,   iTwas   anticipated  that  the   International   Agreement  would  be 
ratified  and  construction  of  the  proposed  project  would  be  authorized 
before  the  funds  allotted  were  exhausted  and  that   preliminary  work  could 
be  merged  with  construction.     Since  the  agreement  has  not  been  ratified 
and  funds  are  exhausted,  preliminary  work  has  been  carried  to  the   vari- 
ous  stages   of  completion  hereinafter  indicated.     In  some   oases  complete 
plans  and   specifications  have  been  prepared,   revised  and  approved  by  the 
Chief  of  Engineers,  and  invitations   for  bids  for  a  construction  coi  tract 
could  be  issxB  d  immediately.     At  the  other  extrane  *here  are  items  v;here 
all  that  could  be   presented  at  this   time  is   a  statement  of  the  problem 
and  an  outline  of  the  proposed  method  of  procedure, 

5.      GENERAL  DESCRIPTION  OF  TEE  ST.    LATOEKCE  RIVER  SYSTEM,-  _a.      A 
glance  at  the  map  of  North  America  reveals   that  the   St.  Lawrence  River 
System  (see  Plate  M  bound  herein)  comprisesx 

(1)  All  of  the  five  Great  Lakes,  namely.  Lakes  Superior, 
Michigan,  Huron,  Erie,  and  Ontario  with  their  drainage  areas  and    con- 
necting waterways. 

(2)  The  St,   Lawrence  River  proper  from  LaVe  Ontario  to  the 
Gulf  of  St.   Lawrence,  with  tributaries. 

b.     The  total  dj-ainage  area  above  the  foot  of  the  International 
Rapids   Section  at  St,   Regis,  New  York  is  approximately  303,000  square 
miles,  of  which  95,000  square  miles  are  water  surface.      The  stream  is 
unique  among  rivers  of  the  world   in  that  the  tremendous  storage   capacity 
of  the   lakes  within  the  watershed  regulates  the  flow  in  the  river  to  an 
unusual  extent;  the  maximum  average  monthly  outflow  at  the   outlet  of 
Lake  Ontario  being  about   314,000  cubic  feet  per  second,  the  observed 
average  mean  monthly  outflow  from  1860  to  1940  inclusive,  237,000  cubic 
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feet  t^^  r   second  and  the  minimum  144,000  cubic  feet  per  second, 

c.  The  St,   Lawrence  River  System,  in  conjunction  with  the  Gulf 
of  St,  Tawrence,  provides   a   continuous  waterway  extending  2,347  miles 
into  the  heart  of  the  Continent  from  the  Atlantic  Ocean  at  the  Strait 
of  Belle  Isle   to    Duluth,  Minnesota,     The  first    843  miles   between  the 
Atlantic  Ocean  and  the  city  of  Quebec  is  through  the  Gulf   of  St,   Lawrence 
which  is   salt  water  terminating  in  a  tidal  estuary  extending  up  to   the 
City   of  Quebec,      The    St,   Lawrence  River  from  Quebec   to  Lake  Ontario, 
comprising  approximately  342   river  miles,   is   one   of  the   larger  rivers 

of  the  v.'orld  based  upon  volume   of  flow,  but   the   channel   is   subdivided 
by  hundreds   of  islands   and   the   slope  broken  by  nvimerous   rapids  v/hioh, 
under  original   conditions,  were  severe  barriers  to  navigation.      From  the 
foot   of  I^ke   Ontario  to    Duluth,  the    sailing   distance   is   1,162  miles  aid 
to  Chicago   1,061  miles,   by  way   of  the   five  Great    Lakes  and   their  corneo- 
ting  channels.      Generally  speaking,   the  main  bodies    of  the   Great  Lakes 
have   ample  depth  for  all   classes   of  navigation,  but   the   connecting  wat- 
erways  in  their  original   condition  presented  more   or  less   complete  bar- 
riers to  the    passage   of  vessels.      The  connecting   channels  are  Niagara 
River   containing  Niagara  Falls   and   the  Whirlpool  Rapids  between  Lakes 
Ontario  end  Erie    (iVelland   Canal  used  by  navigation);    the  Detroit  River, 
Lake    St,   Clair  ond    St,    Clair  River  between  Lakes   Erie   and  Huron;   the 
St,   Mary's  River  vdth  the   looks   at    Sault  Ste,  Marie,   between  Lakes  Huron, 
Michigan  and   Superior;   and  the  Straits  of  Mackinao  between  Lakes  Huron 
and  Michigan, 

d.  The    drainage  area  tributary  to  the   Great   Lakes   consists   of 
e   c ompa r"at ive ly  narrow   belt   of   land  extending  around   the  Lakes   and  in- 
cluding practically  all   of  the   two   peninsulas   of  the   State   of   Michigan, 
The  region  along  the  United   States   side   is    generally  well  developed  from 
both  an  agricultural  and   industrial  standpoint  and   includes  the   import- 
ant cities   of  Buffalo,   Hew  York;   Cleveland,   Ohio;    Detroit,  Mchigan; 
Chicago  and  environs,  Illinois;   Milv;aukee,  Wisconsin;   and  Duluth,  Minne- 
sota, as  veil   as  many  other  smaller   cities.      The   region  on  the    Canadian 
side  north  of  Lakes   Superior  and  Huron  is  in  general  more  barren,   glaci- 
ated terrain  vjith  bedrock  exposed   in  many  areas,  while  the   Canadian 
territory  north   of  Lakes   Erie   and   Ontario  and  along   the  St,    Lawrence 
River   is  well  developed  agriculturally  xvith  many  important  industrial 
centers,  including  the  cities   of  Montreal,  Toronto,  Hamilton,  Welland 
and  V^indsor,      The   entire  region  is  well    supplied  with  first-class  high- 
ways  and  railroadf,  and   commercial  navigation  facilities   on  the   Lakes 
are   of  first   importance.      The  waterways  between  Lakes   Superior  and  Huron 
anc:    Lakes  Huron  and  Erie   carry  many  times  more   tonnage  than  any  other 
inland  watenvays    in   the  world.        The   total   tonnage   passing  through  the 
Soo  locks  during  1941  exceeded  110,000,000  tons.      The  total  traffic  of 
Detroit  River  during  1941  exceeded   12  8,000,000  tons.     The  waterborne 
commerce   consists   principally  of  iron  ore,  coal,   and   grain,     A  large 
fleet  of  vessels   especially  designed  for  conditions    existirg   on  the  Lakes 
is  engaged   in  this  commerce.     The  present  controlling  depths  in  the 
waterways    of  the    St,    Lawrence   River   System  are   as   shown  in  the  followii^ 
tabulation. 
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NAVIGABLE   DEPTPS 
ST.    LASTOENCE  RIVER   SYSTEM 


Section 


Ap- 

Name  of 

prox. 

Present 

Pro- 

Waterway 

Mile- 

Controlling 

posed 

age 

Depth 

Depth 

Remarks 


DuluthjMinn,   to 
foot  of  Lake  Su- 
perior (Foint 
Iroquois) 


Lake   Superior     383 


Greater  than     Same     Ample   depth 
27  feet  for  any 

class   of 
naviga4;ion. 


Foot   of  Lake   Su-     St.  Mary's  63 

perior   (Point  River 

Iroquois)   to  Lake 
Huron  (Letour) 

Through  Lake  Hu-     Lake  Huron  223 

ron  (Detour  to 
Port  Euron) 


20.6  up-bo\aid   27ft.  Includes   Soo 
22,3  down-  Locks, 

bound 


27   ft. 


27ft,    Depth  is 
generally 
greater  than 
27  ft. 


f;bicago,Ill,to 
foot   of  Lake  Hu- 
ron (Port  Huron) 


Lakes  Michi- 
gan and  Hu- 
ron 


568 


27  ft. 


27ft,  Depth  is 
generally 
greater  than 
27  ft. 


Port  Huron  to 
Lake  Erie   (De- 
troit River 
Light) 


3t.    Clair  Riv-     90 
er.  Lake  St, 
Clair  and    De- 
troit River 


Through  Lake  Erie  Lake  Erie 
(Detroit  River 
Light  to  T  ort 
Colbome) 


218 


v;elland  Canal     27 


Lake   Ontario     157         27  ft. 


Lake  Erie   (port 
Colbome)   to 
Lake  Ontario 
(Port  Weller) 

Through  Lake  On- 
tario  (port  Tl'el- 
ler  to  Tibbets 
Pt.) 


Lake  Ontario   (Tib-  1000  Islands      68 
bets  Pt, )to  Chim-     section  of  St, 
ney  Point  Lawrence  River 


20  ft, 

up-bound 
25  ft. 

down-bound 

27  ft. 


27ft, 


25  ft. 


27  ft. 


27ft,   Depth  is 
generally 
greater  than 
27   ft, 

27ft,  Depth  over 
lock  sills 
is   30  ft. 


27ft,  Depth  is 
generally 
greater  than 
27  ft, 

27ft.  Chimney  Point 
is  upstream 
end  of  Inter- 
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KAVIGABLE  DEPTHS 
ST.    LA5TOENCE  RIVER  SYSTEM       (cont'd) 


Chimney  Point  to 
St,  Regie, K.Y. 


International 
Rapids   Section 
of  St,   Law- 
rence River 


46 


14  ft. 


national   Rap. 
ids  Section. 

27ft.  St,    Regis  is 
downstream 
end   of  In- 
ternational 
Rapids  Sec- 
tion 


St.   Regis    to 
Montreal,   Q^e . 


Canadian   Sec-       68 
tion  of  St, 
Lawrence  River 


14  ft. 


27ft,  All-Canadian 
Section  of 
St,   Lawrence 
River, 


Montreal,  Que, 
to  Quebec.   Que, 


Canadian  Sec-     160 
tion  of  St, 
Lawrenc3  River 


32.5  ft.  35ft.  All-Canadian 

Section  of 
St.   Lawrence 
River 


Quebec,  Que,   to 
Atlantic  Ocean 
(strait   of   Belle 
Isle) 


Gulf  of  St, 
Lawrence 


843 


Greater 
than  35 
ft. 


Same     Tidal  V/ater, 


Notet      navigation  between  ocean  and   lalce  ports   is   limited  to  vessels 
suited  to  the  available    dimensions   in  six  canals  around  rapids   of  the 
St,  Lawrence  River  between  Montreal,   Que,,  and  Ogdensburg,  N.   Y. ,  the 
looks  of  which  have  controlling  dimensions   of   252  feet   in  length,  44 
feet  in  width,  and  depth  of  14  feet  over  sills.      The  limiting  vertical 
clearance  at  high  level   fixed  bridges  over  St.   Lawrence  River  is   150 
feet,  and  under  vertical    lift  bridges  over  the  V.^elland  Ship  Canal, 
between  Lake  Ontario  and   Lake   Erie,  is  12  0  feet;   the  width  of  channel 
through  bridges  exceeds  the  limiting  widths   in  canal  locks.     In  the   con- 
necting  rivers  and  ship  channels  which  govern  navigation  between  Lakes 
Ontario,   Erie,  Huron,  Michigan,  and   Superior,  the   available  depth  is   at 
least   20  feet  for  up-bound  traffic  and   at  least   22  feet   for  down-bound 
traffic}   the   only  canal  navigation  is   in  the  Welland   Ship      Canal  bebveen 
Lakes  Ontario  and  Erie  with   locks  havirg    usable    length   of  765  feet  and 
width  of  80  feet,  and   in   St,   Mary's  River  near  Lake   Superior  with  locks 
having  usable   length  of  1,300  feet  and   width  of  80  feet, 

6,     REGIONAL  GEOLOGY.-     a.      General,-     The   St.    Lawrence  Valley  is 
a  region  of  low  relief  which   has  been  considerably  modified  by  glacia- 
tion  and   invasion  by  the  sea.     The  valley  is  almost  entirely  within  the 
St.    Lawrence  Plain  which  stretches  between  the  Adirondack  Highland  of 
New  York  and  the    Canadian  Highland  of  Ontario  aiyi    Quebec.      From  Lake  On- 
tario to  a  point   in  the   vicinity  of  Brockville,   Ontario,  the  underlying 
bedrock  consists   of  preoambrian  crystalline  formations  which  constitute 
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a  narrow   isthmian-like   connection  betT/een  the  very   large  masses   of  such 
rocks   in  the  highlands  just  mentioned.      Downstream  fron  the  easterly  edge 
of  this   connecting  belt   in  the  vicinity  of  Brockville,  the   St.    Lawrence 
Plain  varies   from  60  to  70  miles   in  width  and  is   underlain  by  flat-lying, 
early  paleozoic  sedimentary  rocks.      The   St.    Lawrence  River  constitutes 
the  main   drainage   of  the   region  and   the   principal  tributaries   in  the 
area  under   consideration  are  the   Oswegatohie,   Grass,   Racquette,  and  St. 
Regis  Rivers   on  the   south  and  the   Ottawa  River  on  the  north.      Few   lakes 
are  found   in  the  valley,   but  many   swamps  and  marshes   occur  in  the  -wide, 
flat   lowlands.      A  detailed  description  of  the  geological   conditions   re- 
vealed by  field  and  laboratory   investigations  is   contained  in  the   re- 
ports  and   analyses   of  design  pertaining  to  the  various   features  v/hioh 
are   ircluded  in  the   appendices. 

b.      Overburden.-     Compact  till  or  hard  pan,   composed  of  unstra- 
tified,  clayey  to  silty,  gravelly  sand  with  scattered  boulders,  covers 
the  bedrock  in  most  of  the   region.      This    till  formed  the  bottom  of  the 
ice  sheet  during  the    glacial  period.     The  glacial  till  is  believed  to 
be  entirely   suitable  for  both  foundations   and   as  material   for  earth  fill 
or   embankments   and  dikes.      It  is   sufficiently  compact  so  that  no  appre- 
ciable  settlement  would  be   expected  under  heavy  loads.     It  is  unstrati- 
fied  and  probably  would  be   relatively  impervious   and   stable  under  all 
conditions  where  used  as  foundations   for  earth  fills   and  dikes.        The 
ice   sheet  v»hich   formed  this   till  apparently  advemced   over  the   region 
from  the  northeast  and   plowed  up  the  old   residual  soil  and  loose   rook 
which  had  accumulated  in  the  valley  as  a  result   of  long  ages  of  weather- 
ing.    It  is  probable  that   some   of  the  material  picked  up  was  incorporat- 
ed into  the  main  mass   of  ioe   so   that  when  the  ice  finally  melted,  this 
material  was  deposited  on  the  underlaying  hard  pan  and   formed  deposits 
of  looser,  more   sandy  upper  till,  which  ranged  from  clayey,  gravelly 
sand  with   scattered  boulders  to   silty  sand  and   gravel  with  boulders. 
During  the  recession  of  the   ice,  the   Adirondack  Highland  probably  emerg- 
ed from  the  thinning  ice  sheet  in  the   St,   Lawrence  Valley,  thus  forming 
a  dam  at  the  main  drainage  outlet,     A  large  lake,  known  as  Lake   Iroquois, 
was  thereby  impounded  in  the   Ontario  basin  having  its  outlet  near  Rome, 
New  York,  where  the   overflow  spilled  do«m  the  Mohawk  Valley  to  the   sea. 
As  the   ioe  cover  receded  to  the   north,  a  lower  outlet  for  the   lake  was 
uncovered  at  Covey  Hill,  Quebec,  which  for  a  time  allowed  the  overflow 
to  pass   doTO    the   Champlain  and   the   Hudson  Valleys,      Great   delta  deposits 
were  formed  at  various   stages   of  Lake    Iroquois   at  points   along  the   shore 
where   rivers  from  the  Adirondack  Highland    entered  the   lake.     Remnants 
of  these  vast  delta  deposits   still  exist  in  the  vicinity  of  Booneville, 
Lowville^^Parishville ,   and   Malone,   New  York,   and   the  elevations    of  their 
surface  indicate   the    depth   of   Lake  Iroquois  as  v/ell  as  the   uplift  since 
that  time.      Apparently  the  conditions   of  the   ice-edge  during  the   reces- 
sion were  such  that   no  extensive  aqueo-glacial  deposits  were  formed. 
Lake   Iroquois   disappeared  i^hen  the   ice  had  melted   sufficiently  to  un- 
cover the    Gulf   of  St,    Lawrence,      The   land  was  apparently  depressed  below 
sea  level   by  the  tremendous  weight   of  the    ice   sheet,  and   as  the   ice   dis- 
appeared,  sea  v.-ater   occupied  the    St,    Lawrence  Valley  to  form  what  is 
knovm  as   the    Champlain  Sea,      The  topography  of  the   valley  at  that  time 
was  character! stio   of  glaciated  regions;    low  elongated,    lenticular  hills 
and   ridges,  wi  th  a  general  northeast- southwest  trend,  covered  the  entire 
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region.      The  highest   of  these  hills  and  ridges  projected  above  the  water 
surface  to   form  innumerable  islands   in  the  inland  sea.    Waves  and  curr- 
ents out   into  the  exposed  hills   forming  beaches   of  glaciated  material 
while  the  finer  sand,   silt  and   clay  was  deposited  in  the  valleys  between 
the  hills.     Material  from  rivers  flowing  fr<Hn  the  Adirondack  Highland 
was  also   laid  down  on  the   bottom  of  the  sea.        Thus  the   irregular  rough 
topography  left  by  the  ice  was  modified  aid  subdued  as  the   deeper  por- 
tions  of  the  valleys  were  filled  and   the  lower  hills  were  buried  beneatii 
the  marine  silt  and  clay.      The  marine    clay  as   found   today  varies  from  a 
fairly  stiff  consistency  in  some   areas  and   zones  to  a  soft    semi-liquid 
consistency  in  other  areas  and  zones.      As   the   land  slowly  rebounded 
after  reljef  from  the    ice  load,  the  water  shoaled  and  deposits   of  fine 
sand  were   spread  over  the  clay  and    silt  to  form  the  wide   sand  plains 
such  as  those  located  in  the  vicinity  of  Waddington,  New  York  and  at 
many  points  north  of  the   river  in  Canada,     The   land  apparently  continued 
to  rise  and   the  marine   estuary  gradually  assumed  the    outline    of  the  pre- 
sent Gulf  of   St.    Lawrence,      The   present   topography  of  the    St,    Lawrence 
Valley  is   essentially  the    same  as  when  it  emerged  from  the   sea,  except 
that  a  haphazard  drainage   system  with  the  rivers  flowing   in  the   sand  and 
clay  filled  valleys  between  the   hills  of  till  has  developed.      The   drain- 
age is  almost  entirely  drift  conb rolled  and   at  only  relatively  few  plac- 
es have  the   streams  encountered  bedrock  in  their  courses,     ^Tierever  bed- 
rock has  been  encountered,  rapids  are  formed  as,  for  example,  at  Galop 
Island  and   Long  Sault  in  the   St,   Lawrence  River, 

c.  Bedrock,-     The  bedrock  of  the  valley  downstream  from 
Brockville"  Ontario  is  a   series    of   early  paleozoic   sedimentary  rocks 
overlyihg  the  Greenville  and  other  Pre- Cambrian  crystalline  rooks.     The 
only  formations  which  occur  at  the  surface   of  the  bedrock  under  the 
river  channel  between  Ogdensburg,  Nev;  York  and  Valleyfield,  Quebec, 
are   the  Beekmantown  and   Chazy  formations  of  Ordovioian  age.      The   area 
is  covered  vdth   a  thick  blanket  of  drift,  therefore  rock  exposures  are 
uncommon  and  the  tracing  of  exact  formation  boundaries  is  practically 
impossible.      Fossils  are  rare   in  the  Beekmantown  formation,  but  are 
plentiful   at   some  horizons   in  the   Chazy,      The  Beekmantown  formation  con- 
sists  chiefly   of  dolomite  with    occasional   thick  strata   of  sandstone, 
limestone,   arid   shale.      The    chazy  formation  is  more  variable   and   consists 
of   dolomite  interbedded  with  numerous   strata  of   shale,  limestone,    and 
sandstone.      Small   deposits   of  gypsum  occur  in  the  tipper  Beekmantown   and 
lov/er  Chazy  forma-tions.      The   strike   of  the   formations   trends  northeast- 
southwest    in  the   vicinity   of  the   river  and  dips  very  gently   toward  the 
northv;est#      It  appears  that  the   ice  removed  all  of  the  weathered  rook 

in  the  area   so  that  the   present  bedrock  is    fresh,  hard,   and   solid.      In 
addition  to   the   almost   horizontal  bedding  planes,   the  rook  is  cut  by 
joints  which   intersect  the   bedding  at  various   angles, 

d.  Faulting,-     A  few  fault  s  are  known  to   occur  within  the 
project  ar'e'a.     They  appear  to  be  part  of  a   large  system  of    similar  faults 
'vhich   have  been  mapped  throughout  the   surrounding  region.      This    region 
has  undergone  progressive  uplift  since   early  post-glacial  times  and 
there  is  evidence  that   such  uplift  is  still  occurring.      Earthquakes  of 
feeble   or  mild   intensity  are  rather  common  in  the    St,   Lawrence  plain, 
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but  nre  infrequent  in  the  adjoining  regions   of  the   Adirondacks  and  the 
Laurentian  shield.     The   recorded   seismic  disturbances  ttpstream  from 
Montreal  have  varied  from  slight  vibrations    to   shocks  of  moderate   in- 
tensity, while  more   intense   shocks  have   occurred   in   the  valley  down- 
str^jam  from  that  city.     No  earthquakes  of  desti*uotive  magnitude  have 
been  recorded   in  +:he  vicinity  of  this  project  during  historic   times. 
Nevertheless,   the  possibility  of  future  movement  along  these   old  fault 
planes   cannot  be   disregarded  and  this  possibility  has  been  considered 
in  the   studies, 

7.      THE   INTEPJ^A'T'IOyAL  l^APIDS   SECTION  OF  TPE  ST.    Lifl^ElTCE  RIVER,- 
a.      The  International  \)ound8ry  betv/een  Canada  and  the  United  States 
follows  the    river  from  Lake  Ontario  to  a  point  in  the  channel   in  the 
vicinity  of  St,  Regis,   New  York,  then  strikes   inland  on  the  United 
States   or  southerly  side   of  the    river,      (See  Pla+e  No,  M-1  bound  here- 
in,)     The  river  channel   downstream  from  St,   Regis,  New  York  is  entirely 
T/ithin  Canedian  territory,  and  the   reach  between  St.   Regis  and  Lake 
Ontario  has   an  International  status.      The  portion  of  the   river  from 
Lake  Ontario  to   Chimney  Point,   a  few  miles  below  Ogdensburg,  New  York, 
is  commorly   referred  to  as  the  "Thousand  Islands  section"  while  the 
"International  Rapids   Section"   comprises  the    reach,  approximately  46 
river  miles,    between  Chimney  point   and  St.    Regis,  New  York,      The   portion 
of  the  river  below  St.    Regis   is  called  the   "Canadian  Section,"      The 
total   fall  within  the   International    Rapids  Section  is  approxfmately  92 
faet  fat    mean  river  stage,   the  greater  portion  of  which  is  concentrated 
in  three  main  breaks   in  the   flow  line;   namely,   (1)   the  fanous   Long 
Sault  Rapids   located  in  the  vicinity  of  Laag  Sault  Islaid,  several  miles 
upstream  from  Cornwall,  Ontario;    (2)  the  Rapids  Plat  Section  in  the 
vicinity  of  Ogden  Island,  just   upstream  from  Morrisburg,  Ontario;  and 
(3)   the  Galop  Rapids  in  the  vicinity  of  Galop  Island  located  a  few 
miles  downstream  from  Chimney  point.      The  break  in  the  flow  >line  at   Gal- 
op Island  is   in  reality  the   control  for  the    level  of  the  water  surface 
in  Lake   Ontario,      This  break  is  oaused  by  the  passage  of  the   river  over 
a  ridge  of  hard  rook,  with  a  general  north-south  stjrike,  which  crosses 
the  area.     The  Thousand  Islands   Section  between  this  point  anc"   Lake  On- 
tario has  very  little   slope  aid  suoh  low  velocity  that  it  is   practical- 
ly en    extension  of  the    lake.     It,  therefore,  follows  that  the  effect 
on  the    levels  of  Lake  Ontario  must  be  given  careful  consideration  in 
comection  with  plans  for  chapges  in  the   discharge  throtsgh  the  Galop 
Island   Section,     A  27-foot  channel  has  been  provided  throughout  the 
Thousand  Islands   Section;  each  country  performed  the  necessary  dredging 
within  its  boundaiy.     The  numerous   islands  in  the  channel  through  the 
International  Rapids  Section,  cause  many  back  channels  and  cross  chan- 
nels,  creating  hazards  to  navigation.     The  flow  in  this   section  of  the 
river  is  generally  swift,   reaching  velocities  as  great  as  12  miles  per 
hour  at   sane   points,     A  series   of  lateral  canals,  providing  a  14-foot 
navigable   depth  along  the   Canadian  side  of  the  International  Rapids  Sec- 
tion,  and  bypassing  the  steeper  portions   of  the   section,  was   construct- 
ed by  the   Domininion  of  Canada  early  in  the  present  century,      Ihese   can- 
als, which  still  constitute  the  avenue  of  water-borne  commerce  between 
the   Great   Lakes  and  Montreal,  oontain  several  locks  with  the  following 
controlling   dimensions:      length,   252  feet;  width,  44  feet;   and    depth 
over  sills,   14  feet, 
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b,     rithin  the  International  Rapids   Section,  the  geologic 
formation,  in  general,   consists   of  glacial  till  ranging  in  thickness 
from  a  few  feet  up  to   200 -feet  or  more,  including  thick  beds  of  marine 
clay  in  mai^  localities.     These  formations   overlie  the  bed  rock  which  is 
generally  xmiform  in  contour  but  broken  by  gentle  valleys  and  ridges, 
with  a  general  north-south  strike,  which  are  in  turn  interesected  by  de- 
pressions  from  pre-glacial  drainage  channels.      The  glacial  till  consists 
principally  of  clay,    sand,  gravel,  and   boulders  intermixed  in  irregular 
manner.      The  bed  and   banks   of   the   stream  are  in  general  paved  with  large 
boulders  and  are  not   subject  to  erosion,      !Ihis  condition,  together  with 
the  great  storage  capacity  of  tJie   lakes  in  the  watershed,  readers  the 
river  water  xuitisually  free  from  silt.      The  winter  climate  is  severe. 
Sub-zero  temperatures  are  common  and  heavy  ice  covers  form  wherever  the 
conditions   of  flow  permit.      The  ice  problem  is  an  important  factor  in 
the  design  of  any  hydraulic  structures  in  this  region  and  this  matter  is 
fully  considered   in  paragraphs  pertaining  to  the   design  of  such  struc- 
tures, 

8,     PREVIOUS  STUDIES  AND  REPORTS,-     a.     General.-     The   St.    Lawrence 
River  System,  Including  the   Great   Lakes,  Tilas  always  been  an  important 
water  route  from  the  time  of  the  early   explorers,  and  n\nnerous  attempts 
to  provide  improvements  for  navigation  have  been  made  by  private  inter- 
ests and  by  State,  Provincial,  or  Federal  Governments,     These  efforts 
were   reduced  to  a  more  systematic  basis   in  the  yeai*  1895  when  the  United 
States  Deep  Waterways    Commission  was  established  by  the  United  States 
Government,  Pnd    instructed  to  confer  with  a  similar  organization  set  up 
by  Canada  for  the  purpose   of  studying  the  entire  question  of  providing 
a  deep  water  route  from  the  Great   Lakes  to  tidewater.      This  Commission 
submitted  a  report  in  1897  (House  Doctmient  N<>«   192,  54th  Congress,   da.d 
Session)  which  discussed  various   possible  routes  and    recommended  that  a 
definite   survey  be  made  and  reliable  cost  estimates  be  prepared,     A 
Board  of  Engineers,  appointed  in  response  to  this   recommendation,  sub- 
mitted a  report  in  1900  recommending  a  21-foot  waterway  across  the  State 
of  New  York  connecting  with  the  Hudson   River  (House    Document   No,  149, 
56th  Congress,   2nd  Session),        This   report  included  a  fairly  complete 
study  of  the   improvement  of  the    International  Rapids  Section  of  the  St, 
Lawrence  River  for  navigation  only,  without  the  development  of  power* 

b.     International  Joint   Commission  -  1909,-     A  further  forward 
step  vms   taken  in  the  year   1909  when  a   treaty  between  "Hie  two  countries, 
which  was   signed  on  Janne  ry  11,   1909,  created  a  permanent  International 
Joint   Commission,   composed  of  members  from  both  countries,  which  had 
jurisdiction  over  all  matters   pertaining  to  the  boundary  waters  between 
the  United  States  and   Canada,      In  1919,  Congress  expressed  a  desire  for 
investigation  by  the  International  Joint  Commission  of   the   question  of 
improving  the   St,    Lawrence  River  between  Lake  Ontario  ard  Montreal,   Que- 
bec.     The   following  year  both  Governments  referred  the  question  to  the 
International  Joint   Commission  and   designated  a  joint  engineering  board 
consisting   of  Colonel  W,   P.  Wooten,   Corps  of  Engineers,  United  States 
Army,  and  W.   A,   Bowden,   Chief  Engineer,   Department   of  Railways   and  Canals 
of  Canada,  to  work  with  the  Commission  and  provide  the  necessary  expert 
engineering  assistam  e, 
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c.     Wooten-Bowden  Report  ~   1921«»     The  Tfooten-Bowden  Board 
submitted  Tts   report  to  the  International   Joint   Commission  on  June    24, 
1921,  -which  was   published  as   Serate   Document    No.    179,   67th  Congress, 
2nd  Session.      That   report  contained  the   following   principal  conclusions 
and    reconanendations. 

(1)  That    physical   conditions   on  the    3t.    Lawrence  River 
between  Mcntreal,  Quebec,   and    Lake   Ontario,  were   such  that   improvements 
for  navigation  ■which  vdll  be  permanent   in   character  and  -will  have  a  very 
low  upkeep  cost  could  be   installed,  but   improvement  for  navigation  alone 
was  not    recommended   because   of  the   great   loss  which  would   result  from 
failure   to   develop  approximotely  4,100,000  horsepower  of  potential  hy- 
droelectric power  within  the   reach, 

(2)  That   the  development   of  this    vast  quantity  of  power 
was  not  justified   because   of  lack   of  market  and   that  only  a  part  thereof 
should  be  developed  at    that   time, 

(3)  That   a   sound  method   of  procedure  would  be  to  develop 
the   International   Rapids   Section  both  for  navigation  and   for   power,  pro- 
viding  a   25-foot  navigation  channel  vdth   30-foot   depths   over  the   sills 
of  looks;   and  to   develop  the    other  sections  for  navigation  only,   post- 
poning the   development  of  power  to  a  future  time  as  needed. 

(4)  That  the  estimated  cost   of  doing  this  work  would  bej 

First    Division-  Montreal  Hart)or  to 
Lake  St.    Louis;   development  to   con- 
sist of   side  canal  for  navigation 
only   ,...;$55, 785,000 

Second  Division-  Deep  water  in  Lake 

3t.   Louis   to  deep  water  in  Lake  St, 

Francis;   construction  of  side  canals 

for  navigation  only , 36,590,000 

Third   Division-  Lake   St.    Francis; 
dredging  where  necessary  for  naviga- 
tion  ,. 1 ,158 ,000 

Fourth    Division-  International  Rapids 
Section  between  St,    Regis   and  Chimney 
Point;   combined  navigation  and    power 
development,  including  necessary  chan- 
nel  excavation,   canals  and  locks,   and 
an   installed  capacity  of  approximately 
1 ,850,000  horsepower 159,097,200 

Fifth  Division-  Thousand  Islands  Sec- 
tion from  Chimney  Point  to  Lake  On- 
tario;  dredgipg  where  necessary  for 

nav  igat  ion , ,  100,000 

Total   Estimated  Cost $252,728,200 
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(5)      That  unuer  this  plan   of  development   a  navigation 
depth    of  30  feet   tbiroughout  could   be    provided  at  a  later  date  for  an 
additional   cost  of  $17,986,180, 

d.  The  Wooten-Bowden   plan   contemplated  the    creation  of  a  head 
of  approriinately  74   feet  at   the   pov/erhouses  by   construction  of  a   dam 
across   the   river  at  the   downstream  end   of  Long  Sault  Island,  with  a  con- 
trol dam   located   in  the  vicinity   of  Ogden  Island  to  regulate   the    oiAtflow 
from  Lake   Ontario  and  to   provide   satisfactory  navigation  between   the 
control   dam  and   Chimney  Point,      Mo  installation   for  power  at   the    control 
dam  was    recommended,  although  an  effective  head   of  approximately  8   feet 
would  have   been  available   during   the   summer.      In  the    design  of  the   main 
dam  and   related   structures,    provisions  v;ere  to  be  made  for  increase   in 
height  at  a  future  date  to  utilize  the  full  available  head. 

e.  International  Joint   Commission  Report  -   1921,-      The  Inter- 
national J'oint   Commission  held   public  hearings   on  the   subject  and   sev- 
eral  alternative   plans  were   presented.      The    Commission,   on   December   3  9, 
1921,   submi-t-ted   its   report   on  the  matter.      This    report  '.vas   transmitted 
to   Congress  ^/rith  message   of  the  President   on  January  16,    1922   (Senate 
Document   To,    114,   67th   Congress,    2nd  Session).      The   report   contained 
among   other  things  the  follo^jving  general   recommendations, 

(1)  That  the    two  Goverrments  enter   into  an  agreement 

by  vay   of  a    treaty  for  the    improvement    of  the    St,    Lawrence  River  between 
Montreal  and    Lake   Ontario,   based  upon  the  Wooten-Bowden  report  v/ith   the 
understanding  that    "before  any  final   decisions  are   reached,   the  report 
of   that   board,   together  with   the    several  alternative  plans   presented 
during  the   public   hearings,  will  be   given  further   consideration   by  an 
enlarged  engineering  board   composed   of   leading  members    of  the  engineer- 
ing profession  in  both  countries,   in   order  that,    all   phases   of  the    ques- 
tion receive   consideration  commensurate  with  their  magnitude   and   im- 
portance, 

(2)  That  the  new  We  Hand  Ship   Canal  be  embodied  in  the 
scheme  and  treated  as  a  part  thereof, 

f.  Joint  Board   of   Engineers  Report  -  1926.-     In  the    spring 
of  1924,  a^new    St.    Lawrence   Commission  v.-as    set  up  consisting   of  nine 
members   from  each  countiy.      In  response  to  the   recommendation  made  by 
the   International   Joint   Commission  in  its   report  of   1921,   a  Joint  Board 
of  Engineers,  consisting  of  three  members   from  each  country,  was   es- 
tablished to  act  with  this   new   Commission  in  studying  all   phases   of  the 
problem.      The   necessary  funds  v;ere   provided   by  each  country,   and    through 
an  exchange  of  notes  in  February  and  March,   1925,  a   set   of  instructions 
for  the  Board  was  agreed  upon  and   issued.      The  Joint  Board  of  Engineers 
held  its  first  meeting  in  April    1925,   and    agreed   upon  a  division  of  work 
between  the   two   sectiom    of  the  Board,      Each  section  set  up  headquarters, 
secured  the  necessary  personnel,   and   proceeded  with   its  vork.      The   en- 
tire Board  held   frequent  meetings   and   on  November   16,   1926,   submitted 
its   report  which  is   contained  in  Senate    Docxjment   No,   183,   69th  Congress, 
2nd   Session,      The  Boai d  failed  to  agree   upon  a  plan  for  complete   devel- 
opment  of    the   International   Rapids   Section   of  the   St.    Lawrence  River 
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and  irstead  submitted  tuo  recommendations  as  outlined  below, 

(1)  The  United  States  members  of  the  Board  reconmended 
a  so-called  Single  Stage  Plan,  estimated  at  |235,000,000,  the  princi- 
pal  features   of  vhich  are  as  followst 

A  mair   dam  with  two  powerhouses  (total   installa^ 

tion  2,326,000  horsepower)   located  at  the  downstream 

end   of  Barnhart  Island,  with  the  main  channel   south 
of  Bamhart  Island  as  a  forebay. 

A  27-foot   channel  for  navigation  following  tlie 
channel  south  of  Cornwall  Island  to  the  mouth  of 
Grass  River,    thence  through  a   canal  containing  two 
large  locks,  and  re-entering  the   river  at  the  up- 
stream end   of  Bamhart  Island, 

The   sovrfch  3alop  channel  to  be   closed  with  a 
dtun  containitig  gates   for  regulations   of  flow,  and  an 
uncontrolled  channel   through   Galop  Island  for  navi- 
gation use. 

(2)  The  Canadian  members  of  the  Board  recommended  what 
was  known  as  a  Two  Stage  Plan,  estimated  at  * 264, 600, 000,  the  princi- 
pal features   of'which  are  as  follows: 

A  main  dam  at   the   head  of  Bamhart  Island, 

Two  powerhouses   (1,808,600  horsepower  total   in- 
stalled  capacity)    located  at  the   downstream  end  of 
Bamhart  Island  with  the   channels  north  of  Bamhart 
Island   as  a   forebay, 

A  27-foot   channel  for  navigation  following  the 
channel    south   of  Cornwall  Island   to  the  mouth  of 
Grass   River,   thence  through  a   canal  containing  two 
large   locks,  and  re-entering   the  river  near  the 
middle    of  Long  Sault  Island, 

A  second   dam  with  two  powerhouses   located  at 
Ogden  Island,  300,000  installed  horsepower  on  the 
Canadian  side  and  105,600  horsepower  on  the  United 
States  side, 

A  lock  for  navigation  at  Ogden  Island, 

The    south   channel  at  Galop  uncontrolled,   for 
navigation  use. 

A  hydraulic   channel  through  Galop  Island 
with   gates   for  controlling  the  flow, 

Crysler  Isla;Td   Two  Statue  Plan,-     An  alternate   plan  known 
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as  the  Crysler  Island  Two  Stage  Plan,  estimated  cost  |269,400,000,  was 
also  sulsnitted  by  the  Canadian  section  of  the  Board  in  which  it  was  pro- 
posed to  locate  the  upper  dam  at  Crysler  Island,  approximately  7  miles 
downstream  from  the  location  considered  in  the  foregoing  Two  Stage  Plan, 
Under  this  alternate  plan,  the  upper  dam  with  two  powerhouses  (approxi- 
mately 299,000  horsepower  installed  capacity  each)  would  constitute  a 
continuous  structure  across  the  river  at  Crysler  Island;  a  short  canal 
containing  one  lock  would  be  provided  for  by-passing  navigation  on  the 
United  States  side;  other  works  would  be  the  same  as  in  the  original  Two 
Stage  Plan. 

h.   This  report  of  the  Joint  Board  of  Engineers  (November  16, 
1926)  was  submitted  to  the  new  St.  Lawrence  River  Commission  which  sub- 
mitted its  report,  containing  the  report  of  the  Joint  Board  of  Engin- 
eers, to  the  President  of  the  United  States  on  December  27,  1926.   The 
President  transmitted  these  reports  to  Congress  on  January  3,  1927,  and 
they  are  printed  as  Senate  Document  No.  183,  69th  Congress,  2nd  Sess- 
ion, 

i.   Great  Lakes  to  Hudson  River  "Waterway  Report  -  1926.-  In 
a  report  on"  "Waterway  from  the  Greet  Lakes  to  the  Hudson  River"  trans- 
mitted  to  Congress  on  December  6,  1926,  and  printed  as  River  and  Harbor 
Committee  Document  No.  7,  69th  Congress,  2nd  Session,  the  Chief  of  Bn- 
gin eers,  U.  S.  Army,  pointed  out  the  economy  of  providing  a  deep  draft 
channel  via  the  St.  Lawrence  River  as  compared  with  a  route  across  the 
State  of  Few  York  to  the  Hudson  River,   He  also  pointed  oxat  the  value 
of  power  development  in  the  St.  Lawrence  River  and  expressed  the  view 
that  a  waterway  should  be  provided  between  the  Great  Lakes  and  the  sea 
for  ocean  vessels, 

j,  Canadian  Conference  of  Engineers  Report  -  1929,-  After 
the  Novemher  16,  1926  report  of  the  Joint  Board  of  Engineers  had  been 
submitted,  studies  of  tVe  International  Rapids  Section  were  continued 
by  a  group  of  Canadian  engineers  consisting  of  the  Canadian  manbers  of 
the  Joint  Board  of  Engineers  and  two  engineers  representing  the  Province 
of  Ontario.   A  revised  version  of  the  Crysler  Island  Two  Stage  plan  (see 
paragraph  8  ^)  was  developed  and  a  report  thereon  was  submitted  by  this 
group  to  the  Secretary  of  State  of  External  Affairs  of  the  Dominion  of 
Canada  in  1929.   The  revised  plan  recommended  was  substantially  the  same 
as  that  of  the  alternate  plan  of  the  Canadian  members  of  the  Joint 
Board  of  Engineers  with  only  minor  changes  in  the  water  levels  and  in 
the  location  of  powerhouses.   This  report,  which  is  known  as  "The  Report 
of  the  Canadian  Conference  of  Engineers",  was  printed  by  the  Canadian 
Government, 

k.  New  York  Plan  -  1931.-  An  act  by  the  State  of  New  York, 
approved  March  29,  1930,  provided  ^or  the  appointment  of  a  Commission 
consisting  of  five  members,  "to  devise  and  report  a  plan  or  plans  for 
the  development  of  hydroelectric  power  in  the  St.  Lawrence  River."  The 
act  specified  that  the  Coronission  "study  and  report  plans  for  the  devel- 
opment and  a  form  of  contract  for  the  sale  of  hydroelectric  power  to 
be  generated  at  water  power  sites  on  the  St,  lawrence  River  owned  or  con- 
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trolled  by  the  People  of  the  State",  and  submit  a  report  to  the  Governor 
and  the  Legislature  not  later  than  January  15,  1931,     An  Advisory  Board 
of  Engineers  was  established  to  assist  the   Commission,  end  a  report  pre- 
senting a  single  stage  plan  knoim  as  the  New  York  Plan  for  development 
of  the   International  Rapids   Section  was  submitted  on  January  15,   1931, 
and  was  printed  by  the    State  of  New  York.      Ihe  principal  features  of  this 
plan  are: 

(1)  A  main  dam  in  the  channel  south  of  Barnhart  Island 
and  secondary  dams  or  dikes  closing  the  upper  end  of  the  two  channels 
north  of  Barnhart  Island, 

(2)  A  spillway  dam  and  two  powerhouses  located  near  the 
mouth  of  the   Grass  River  at  the  head  of  the   channel  south  of  Cornwall 
Island  J   total  installed  capacity  2,200,000  horsepower,  vrith  a  forebay 
extending  across  the  United  States  mainland  between  the  powerhouse   and 
Robinson  Bay, 

(5)     A  27-foot   channel   for  navigation  in  the  river  chsm- 
nel  north  of  Cornwall  Island,  with  a   double  lift  look  on  Barnhart  Island 
near  the  main  dam  mentioned  in  (1)  above, 

(4)  The  south  Galop  channel  closed  with  a  dam  provided 
with  gates  for  regulation  of  flow* 

(5)  An  uncontrolled  hydraulic  channel  through  Gralop  Is- 
land for  navigation  use. 

1 ,     Reconvened  Joint  Board  of  Engineers  Report  -  1932,-     On 
January  2^  1930,   the  Joint   Board  of  Engineers  which  prepared  the  en- 
gineering report  submitted  on  Kovember  16,  1926,  was  reconstituted  by 
the  appointment  of  three  new  United   States  members  and  was^^equested  to 
resume   studies  and    to    report  on  a  mutually  agreeable  plan  for  improve- 
ment   of  the   International   Rapids   Section  of  the   St,    Lawrence  River,      This 
Board   submitted  a   report  on  April   9,   1932,   providing  for  a  Two  Stage 
Plan  substantially  the  same   as  the   alternate  plan  developed  by  the  Cana- 
dian members   of  the   original  Joint   Bo:ird  of  Engineers  and  later  modified 
by  the   Canadian  Conference  of  Engineers,     This  plan  was   considered  to 
be  feasible  and   safe   from  an   engineering   point   of  view.      Its   cost  was  es- 
timated at   $274,742,000,      This   report  (printed  in  Canada)   served  as  a 
basis  for  negotiations  for  a  proposed  treaty.      The  proposed  treaty,  which 
provided  for  developments  along  the  lines  presented  in  the  engineering 
report,  was  signed  by  representatives  of  both  Governments  on  July  18, 
1932,*     The  proposed  treaty  was  subnitted  to   the  United  States  Senate 
but  failed  of  ratification. 

♦Text  contained  in  mimeographed  press   release 
issued  by  the  Department  of  State  on  July  18,   1932; 
text  is  also  published  in  record  of  hearing  dated 
April  20,   1933,  before   the    Committee   on  Interstate 
and    Foreign   Commerce,  House  of  Representatives,  73rd 
Congress,    1st    Session,   on  E,  J.   Res,    157, 
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m.     ■'Tith  tl^e  message   of  the  President   to  Congress   on  January 
10,   1934,   urging  ratification  of  the  so-called    "St,   Lawrence   Treaty  with 
Canada",   the   Chief  Executive   trarsndtted   reports  from  four  Government 
agencies   relative   to  the   engineering   and  economic  advisability  of  the 
proposed   Great  Lakes   -  St.    Lawrence  Project   (Senate    Document   No.    116, 
73rd  Congress,   2nd  Session). 

n.      Department    of  Corrjnerce  Report-1940-41.-     In  1940-41   the 
Jecretaiy  of  Commerce   submitted  the  follov/ing   reports  on  the   St.    Law- 
rence Survey  to  the  President.      These  reports  were  prepared  by  the   Direc- 
tor, St,  Lawrence  Survey,   Department  of  Conmerce,  and  were  published  by 
the  Government   printing  Office, 

PART  I.       Pistory  of  the  St.    Lawrence  Project, 

PART  II.      Shipping   Services   on  the    St.    Lawrence  River. 

PART  III,   Potential   Traffic    on  the   St.    Lawrence   Seaway, 

PART  IV.      The   Effect   of  the  St.   Lawrence  Set^way  Upon 
Existing  Farbors, 

PART  V.        The    St.    Lawrence    Seav/ay  and   Future    Trans- 
portation Requirements. 

PART  VI.      The   Economic  Effects   of   the   St.    Lawrence 
Power  Project. 

PART  VII,    Summary  Report  of  the   St.   Lawrence   Survey, 

including  the   National   Defense  Aspects   of  the 
St,    Lawrence   Project. 

9,     NEGOTIATIONS   OF  TEE  LA  ST  FOUR  Y^^Rg*-     a.      In   the    spring   of 
1938,  diplomatic  conversations    between  the  Unite"?  States  and    Canada 
were   resumed,   and,   in   193P,   engineers   of  the   Canadian  Departrent    of  Trans- 
port again  undertook  active   studies   of  the   problem,  with   particular  atten- 
tion    to  that  portion  dealing  with  the   improvement    of  the  iSnternational 
Rapids   Section  of   the    St,    Lawrence  River,    and  developed  what    -they   called 
the    "238-242"   Controlled    Single    Stage  Project,      (See   paragraph  10.) 

b.     In  January  1940,  a  board  of  engineers  representing  Canada 
and  the  UnTted  States  was  requested  by  the  two  Governments  to  examine 
the  various   plecs  proposed  for  the   development   of  the   International 
Rapids   Section  of  the    St.    Lawrence  River,      In  October  1940,  the    Canadian 
Temporary  Great  Lakes  -St.  Lawrence  Basin  Committee  and  the  United 
States  St.   Lawrence   Advisory  Committee  were  constituted  by  their  respec- 
tive governments,  and   at  a  joint  meeting  held  in  Ottawa,   January  3,  1941, 
they  received  a  firial   report  from  the  board  of  engineers  appointed  the 
preceding  year,  in  which  the   board  presented  a   description  and   estin^^.  e 
of  cost  of  the    "238-242"  Controlled  Single  Stage  Project,  and   stated 
that,  in  the   opinion  of  the  board,  this   plan  was    "the  best   from  an  engin- 
eering and    economic  point   of  view,  bearing  in  mind  the  requirements  of 
navigation  and   power  and  the   protection  of  down  river  interests,"     The 
joint   committees  thereupcaa  submitted  the  engineers'    report  to  the  Presi- 
dent of  the  United  States  and  the  Prime  Minister  of  Canada,  with  the   re- 
commendation that    "in  the  event  that  the  Governments  decide  to  proceed 
with  the  development    of  the   International  Rapids  Section  of  the   St.    Law- 
rence River,    the  work  to  be  undertaken  in  general  accordance  with  the 
plan  of  the   » 238-242'    Controlled  Sin^,le  Stage  Project  described  therein," 
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c.  Following  the  subaission  of  this  report,  the  diplomatic 
branches   of  the   two  countries  continued  negotiations  with  the   assistance 
of  the  Joint   comnittees,  and   on  March  19,  1941,  an  agreement  was  signed 
by  -the   Govemments  of  the  United  States  and   Canada  providing  for  the 
construotion  of  dams  and   power  works   in  the  International   Rapids  Section, 
and  for  the  completion  of  a   Deep  Waterway  throughout   the  Great  Lakes- 
St,   Lawrence  River  System,      The  President  transmitted  the  text  of  the 
agreement  to  Congress  with  his  message  of  March  21,   1941,  which  stated 
thak    the    terms   of  the  agreement   contemplate  that   it   shall  be  made  ef- 
i'ective  by  concurrent    legislation  of  the   Canadian  Parliament  and  of  the 
Congress   of  tlB    United  States,      The  text  of  the  agreement  is  published 
in  Fouse   Doctment  No,   153,  77th  Congress,   Ist    Session  (see  Appendix  A-2). 
The  River  and  Harbor  bill  introduced  in  the  House  of  Representatives, 

H,   R,   5993,   77th  Congress,   Ist  Session,  contained  an  item  approvii^  the 
aforementioned  agreement  and  authorizing  the  United   States   to  undertake 
its  portion  of  the   project  outlined  therein*      This  bill  was  not  passed 
by  the   Congress. 

d.  The   aforementioned  agreement  provides  for  the    construct- 
ion of  the^entire  project  from  the   head  of  navigation  on  the  Great  Lakes 
to  tidewater  and   leaves  the  present  equal   division  of  water  power  in  the 
rapids   of  the  St,  Mary*s  River  unchanged.      It  makes   special    provision 
for  changes   in  the  division  of  power  now  in  effect  at  Niagara  Palls  , 
leaves  Canada  with  the   sole   right  to  develop  the  power  of  the  Canadian 
Section   of  the    St,   Lawrence  River,  and  provides  for  equal    division  of 
the  potential  power  in  the  International  Rapids  Section,      The  agreement 
also  provides  that  the   necessary  improvements  in  the  connecting  waters 
between  Lakes  Huron  and   Superior  and   between  Lakes   Erie  and  Huron,  in- 
cluding a  new  lock  at   Sault   Ste,  Marie,  shall  be  undertaken^by  the 
United  Statesi   that  the  deepening   of  the  Welland   Canal  and   the  improve- 
ments  in  the   Canadiem  Section  of  the  St,   Lawrence  River  shall  be  execut- 
ed by  Canada  with  the  understanding  that  a   27-foot  navigation  channel 
through  these  reaches  will  be   completed  by  1948;   and  "tiiat   the   improve- 
ments within  the  International   Rapids   Section  of  the  St.   Lawrence  River 
shall  be  carried  out  in  accordance  with  the   ''238-242"  Controlled  Single 
Stage  Plm  ard    under  the  supervision  of  an  International   Commission, 
the  cost   of  the  various  features  in  this  section  to  be  divided  according 
to  rules   laid  down  in  the  agreement.      This   division  of  the  work  and  cost 
is   such  that  each  country  will  pay  approximately  half  of  the   cost   of 
the  entire   project,   credit  being  allowed  for  certain  work  alreac^  done 
by  each  count  iy« 

e.     On  Maroh  19,  1941,  an  agreement  was  also  made  between  the 
Canadian  Government   and   the  Province  of  Ontario  under  which,  on  peyment 
of  certain  sums,   the  Canadian  powerhouses  will  be   operated  and  the  power 
distributed  and  sold  by  the  Hydro-Electric  Commission  of  Ontario,     A 
similar  agreement  is  proposed  between  the  United  States  and   the   State  of 
New  York  whereby  the   Mew  York  State  Power  Authority  would  pay  the  United 
States  the  sum  of  |93,375,000,  which  is  the  estimated  cost  of  that  por- 
tion of  the   project  works   chargeable    to  the  United  States   share  of  the 
power  in  the  International  Rapids  Section,     In  return,  the  New  York 
State  Power  Authority  would  be  given  the  right   to  occupy  and  operate  the 
United  States  powerhouse   and  distribute  and   sell  the  energy.     The  Hiver 
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and  Farbor  Bill,  H,  R,  5993,  mentioned  in  paragraph  9c,  also  contaired 
an  item  which  authorized  the  President  to  negotiate  the  aforementioned 
arrangement   with  the  Nev;  York   State  Pov/er   Authority, 

10,      THE   "238-242"   CONTROLIE  D  SINGLE  STAGE  PROJECT,-  a.      Para- 
graph 1   of  Article  I    of  the   agreement  vhich  was   signed  by   the   represen- 
tatives  of  both   Governments   on  March   19,   1941,   provides   for  the   es- 
tablishment   of  a  Great   Lakes   -  St,    Lawrence   Bssin   Commission  and   out- 
lines  its   duties.     Among   other  duties  are  the    follov?ing   from  paragraph 
1(a)   of  Article   1, 

"To  prepare    and    to   recoirunend   plans   and   spe  cificaticns 
for  the    construction   of  works   in  the  International   Rapids 
Section   in  accordance  with  and   containing  the  features 
described   in  the   Annex  attached  to  and  marie   part   of  this 
Agreement,  with  such  modifications  as   may  be  agreed   upon 
by  the  Goverrjnents,* 

The   annex  to  the  agreement,  which   is   quoted  belov/,   gives   the  general 
outline   of  the    Controlled  Sirigle  Stage  Project  (238-242)  for  develop- 
ment   of  the    International    Rapids  Section   of  the   3t,    Lawrence  River, 
which  by  this  time  had   been  accepted  by  the    representatives   of  both 
Governments  as  the  best  and  most  economical  plan.     It  will  be   referred 
to  hereafter  in  the   report  as   the   "Original   238-242  Plan," 
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"ANNEX 

CONTROLLED  SINGLE  STAGE  PROJECT  (238-242)   FOR  ^.'ORKS 

IN  THE  INTERNATIONAL  RAPIDS  SECTION 


"The  main  features  of  the  Controlled  Single  Stage  Pro- 
ject (238-242),   described  in  detail  with  cost   estimates   in 
the  report  of  the   Tanporary  Great   Lakes  -   St.    Lawrence 
Basin  Committees  dated  January  3,   1941,  are  as  followst 

"(1)     A  control  dam  in  the  vicinity  of  Iroquois 
Point, 

"(2)     A  dam  in  the  Long  Sault  Rapids  at   the  head 
of  Bamhart  Islemd  and  two  powerhouses,  one  on  either 
side  of  the    International  bovaadary,  at  the  foot   of 
Bamhart  Island, 

"(3)      A  side  canal,  with  one  lock  on  the  United 
States  mainland  to  carry  navigation  around  the  con^ 
trol  dam  and  a  side  canal,  with  one  guard  gate  and 
two  locks,   on  the   United   States  mainland   south  of 
Bamhart  Island   to   carry  navigation  from  above  the 
main  Long  Sault   Dam  to  the   river  south  of  Cornwall 
Island.     All   locks  to  provide  30-foot   depth  of  water 
on  the  mitre  sills  and  to  be  of  the  general  dimensions 
of  those  of  the  T?elland  Ship   Canal,     All  navigation 
channels  to  be  excavated  to  27-foot  depth, 

"(4)     Dykes,  where  necessary,  on  the  United  States 
and   Canadian   sides  of  the    International  boundary,  to 
retain  the  pool   level  above   the  Loiig  Sault   Dam. 

"(5)      Channel   enlargement   from  the  head  of  Galop 
Island   to  below  Lotus  Island   designed  to  give  a  maxi- 
mum velocity   in  the  navigation   channel   south  of  Galop 
Island  not  exceeding  four   feet   per  second  at  any  time, 

"(6)     Channel  enlargement  between  Lotus  Island  and 
the  control  dam  and  from  above  Point  Three  Points  to 
below   Ogden  Island    designed  to  give  a  maximum  mean 
velocity   in  any  cross-section  not  exceedirg    two  end 
one-quarter  feet  per   second  vrith  the   flow  and  at  the 
stage  to  be   permitted   on  the  1st   of  January  of  any 
year,    under  regulation  of  outflow  and  levels   of  Lake 
Ontario, 

"C^)     The   necessary  railroad  and   highway  modifica- 
tions   on  either    side   of  the   international  boundftry. 

"(8)      The  necessary  works   to  permit   the  continuance 
of  14-foot  navigation  on  the  Canadian  side  around  the 
control  dan  and   from  the  pool  above  the   Long  Sault  Dam 
to  connect  with  the  existing  Cornwall    Canal, 

"(P)     The  rehabilitation  of  the  towns  of  Iroquois 
and  Morrisburg,   Ontario. 

"All  the  works   in  the  pool  below  the  control  deun  shall  be 
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designed  to   provide   for  full  Lake   Ontario  level   but    initially 
the   pool    shall, be   operated ^ at ^maxjjnujn^ elevation ^238,0,  [^ ^ 

b.  The    principal   features   of  this    plan  are    shown  on  Plate 
No»  M-II  b"ound  herein,  which   indicates  the   status   of  the   plans   for  the 
proposed  work  when  the   St,    Lawrence  River  District  began  operations 
late   in   1940.      The   various   feature:?    of  the  improvements   have  since  been 
studied  by  the   St.    Lawrence     River   District  much  more  extensively  than 
was   heretofore  possible;    a   large  amount   of  additional  information  has 
been   obtained,    including  subsurface  explorations  and   the   opinions    of 
numerous  consultants.      As   a   result  ,    it   appears   that   certain   changes  in 
the   proposed  works  will  be   advantageous.      See  Plates  Nos,  M-I  and  M-II, 
The  major  suggested  changes   are: 

(1)  Relocation   of  the  Long   Sault   Dam  to  a    point 
approximately   1,000  feet  downstrGan. 

(2)  Realignment    of  the   powerhouse  by  shifting   the 
northerly  or  Canadian  end  about    2,500  feet  downstream, 

(3)  Realignment    of  the  Long   Sault  Navigation  Canal, 

(4)  Realignment    of   navigation    channels  betvjeen 
Morrisburg,    Ontario  and   Chimney  Point, 

(5)  necessary  changes    in    channel   dimensions    in  the 
vicinity  of  Galop  Island   to   limit   the   velocity  to   approxi- 
mately 4   feet   per  second. 

The   factors    suggested  are  discussed  more   fully  in  paragraph   35   of   Chap- 
ter III,  which  includes   a  description  of  an  alternate   plan  for  naviga- 
tion from  that   proposed   in  t^e   Original  238-242  Plan,      The   alternate 
olan  proposes  a   navigation  channel    in  a  cut  throijgh  the    Island   ins+^ead 
of  enlarging  +h.e   natural    channel    south  of  Galop  Island,      Mone   of   these 
changes    corflict  v.ith   the   outline    plan   as   quoted   in  paragraph  lOa, 

c.  Paragraph   (d)    of  Article  IV  of  the   agreement   of  March   19, 
1941   stipulates: 

"During  the   ccnst  ruction  and  upon   the  completion  of  the 
v;orks    provided   for   in  the   International    Rapids   Section,   the 
flow  of  water  oijt.    of  Lake    Ontario  into   the   St,    Lawrence 
River  shall  be  controlled  and  the   flow   of  water  through   the 
International   Section   shall  be  regulated   so   that   the  navi- 
gable depths   of  water  for  shipping  in  the  Harbor    of  Ivlontreal 
and   throughout  the   navigable   channel   of  the  St,    Lawrence   River 
belovj  Mort  reel,   as    such  depths   now   exist   or  .may  hereafter  be 
increased  by   dredging   or    other  harbor    or    channel    improvements, 
shall  not  be   injuriously  affected  by  the   construction   or  opera- 
tions of    such  rorks,   on-^    the    pov/er   developments    in  the    Canadian 
section  of   the    .^t,   Lawrence  River  shall  not   be  adversely  af- 
fected." 
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The   Canadian  Departue  nt   of  Transport  has   studied  this   problem  at  great 
length  and  has  developed  a  plan   designated  as    "Regulation  Method  No» 
5",  "Which  most   nearly  satisfies  all  of  the   requiremaats  pertaining  to 
the  situation.      The   principal  requirements  follow: 

(1)  To  keep  the  fluctuations   of  the   levels  of  Lake  On- 
tario within  the  range  that  would  have  occurred   in  the  past,  assuming 
a  continuous   diversion  of  3,200  second-feet*   at  Chicago  and  present 
outlet   conditions, 

*The    Diversion  now  authorized  by  the    Supreme 
Court   of  the  United  States  is   1,500  second-feet  in 
addition  to   domestic  pvuapage.     The  combined  quan- 
tity approximates   3,200   second-feet, 

(2)  To  maintain  the   low  water  levels   of  Montreal   Farbor# 

(3)  To  maintain  without  material  changes  low  water  flows, 
during  the  period  December  15  to  March  31  in  order  that  the  difficulties 
of  winter  operation  of  the  power  plants  may  not  be  aggravated, 

(4)  To  maintain   flows  during  the  first  half  of  April 
no  greater   than  Tjould  naturally  occur,  in  order  to  avoid   ihe  danger  of 
aggravating  the  spring   rise  during  the  breakup  of 'the  ice  below  Montreal, 

(5)  To  avoid  any  material   increase  in  the  amount  and 
duration  of  high  river  flows  during  May,  in  order  not  to  increase  or 
lengthen  -the   period  of  high  water  levels  in  Lake  St,   Louis  during  the 
flood   season   in  the  Ottawa  River, 

(6)  To  keep  the  fluctuations  in  mean  monthly  discha-ges 
within  the   existing   limits, 

(7)  To  hold  back   the  natural   excess  outflow  durii^  the 
early   summer  months,  in  order  to  raise  the  levels  of  Lake  Ontario* 

(8)  To  secure  the  meiximtxn  dependable  flow  throughout 
the  year  for  power  purposes, 

d,  "Hiese  general  requirements  have  been  carefully  considered 
in  "liie   stu'cTies  by  the   District  Engineer.     Under  the  project  plan  now 
proposed,  the   pools  above  the   dams  will  continue  to  act  as  channels 
rather  than  as  reservoirs.     Fluctuations  of  the  pool   levels   and  manipula- 
tion of  the   crest  gates  of   the    dams  will  serve  to  change  the   river  slope, 
thus  controlling  the   discharge  frbm  Lake  Ontario  and   permitting  the   lake 
to  be  regulated  as  a  storage  reservoir, 

e.  The  data  on  which  Regulation  Method  No.   5  is  based,  togeth- 
er with  a  discussion  of  the  regulation  criteria  and  tabulations   of  data 
on  Lake  Ontarto  levels,  supplies,   and  outflows,   are  given  in  Department 
of  Transport  Doctmient  No,   2,  dated  September  1940,  and  entitled,    "Lake 
Ontario  Levels,  Outflows,  Supplies,  and  Regulation".     A  copy  of  this 
document   is   included  in  Appendix  ^2, 
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CEAPTER  II   -   SURVEYS,    STUDIES  AND  INVESTIGATIONS 


11,      PREVIOUS   DATA  AVAIM3LE  FOR  THIS  REPORT.-      a.      General,^ 
Numerous   old  records  including  reports   of  boards,  commi"ssions,  e  tc, ,  up 
to  and  including   the  report   of  the  United   States    Deep  Wat ex^ways   Conunis- 
sicn,  •which  was  transmitted  to  the  President  on  January  8,  1897  (House 
Doovunent  No,   192,   54th  Congress,    2nd  Session),  were  available.      The 
information  from  these  sources  was  general  in  character  and  contained 
little  specific  data   relating  to  the  present  problem.      Since  1897, 
several  other  reports  were  made  and   useful  information  was  collected 
and  compiled,      \  description  of  the  principal  available  data  is   given 
below, 

b.     Reports. - 

(1)  Report  of  Board  of  Engineers  on  Deep  Waterways,- 
This  report  (House  Document  No,  149,  56th  Congress,  2nd  Session)  submit- 
ted June  30,  1900,  by  a  Board  of  Engineers,  designated  and  appointed  by 
the  President  in  conformity  with  the  provisions  of  the  Sundry  Civil  Act 
of  June  4,  1897,  to  make  "surveys  and  examinations  including  estimate 

of  cost  cf  deep  v;aterways  and  the  routes  thereof  between  the  Great  Lakes 
and  the  Atlantic  tidewater"  contains  important  data,  particularly  the  re- 
sults of  field  surveys  which  v.-ere  made  along  the  St.  Lawrence  River, 
including  precise  levels  and  numerous  bench  marks  established  therefrom, 
Tl'ese  levels  were  of  first  order  and  furnished  mai^y  dependable  reference 
points, 

(2)  Wooten-Bowden  Report.-  This  report  (Senate  Document 
No,  179,  67th  Congress,  2nd  Session),  of  which  a  brief  description  is 
given  in  Chapter  I,  Paragraph  8c,  was  submitted  in  1921.   It  pertains 
particularly  to  the  St,  Lawrence"  River  between  Lake  Ontario  and  Montreal, 

(3)  Report  of  the  Joint  Board  of  Engineers  -  1926.- 

This  report  (Senate  Document  No.  183,  69th  Congress,  2nd  Session),  which 
is  described  in  Chapter  I,  Paragraph  8f,  contains  valuable  material  and 
was  the  basis  for  all  subsequent  studio's  of  this  project.   The  report 
was  also  printed  by  the  Canadian  Government  as  "St,  Lawrence  Water  Yfay 
Project  -  Report  of  Joint  Board  of  Engineers  with  Appendices."  The  Can- 
adian edition  contains  all  appendices.   These  were  not  printed  in  the 
aforementioned  Senate  Document  No,  183. 

(4)  Canadian  Conference  Report.-  This  report  mentioned 
in  Chapter  I,  Paragraph  8  j ,  presented  a  Two  Stage  Plan.   It  was  printed 
by  the  Canadian  Government  on  Deqember  30,  1929,  as  "St,  Lawrence  'Nater 
Way  Project  -  Report  of  Conference  of  Canadian  Engineers  on  the  Inter- 
national Rapids  Section"  with  appendix  and  plates. 

(5)  The  Jadwin  Board  Report.-   This  report,  entitled 
"Report  of  the  St,  Lawrence  Power  Development  Commission"  of  the  State 
of  Ke-w  York,  was  submitted  to  the  Governor  and  the  State  Legislature 
on  January  15,  1931,   In  addition  to  the  engineering  features  briefly 
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described  in  Chapter  I,  Paragraph  8k,  appendices  were  submitted  which 
contain  vital  facts  pertaining  to  the  legal  aspects  of  the  problem  and 
to  marketing  conditions.   The  report  was  printed  by  the  State  of  New 
York. 

(6)  Report  of  Joint  Board  of  Engineers  Reconvened  -  1932,- 
This  report  menticned  in  Chapter  I,  Paragraph  81,  presented  a  Two  Stage 
Plan.   The  report  was  printed  by  the  Canadian  Government  on  April  9, 
1932,  as  "Report  of  Joint  Board  of  Engineers  Reconvened  on  the  Interna- 
tional Rapids  Section  of  the  St.  Lawrence  River"  with  appendix  and 
plates, 

c.  Maps  and  Charts. «» 

(1)  United  States  Lake  Survey  Maps  and  Charts. - 

(a)  A  set  of  3  sheets,  scale  Ij 10000,  dated  1901, 
showing  all  soundings  taken  to  that  date  in  the  St,  Lawrence  River  be- 
tween Williamsburg,  Ontario,  and  St.  Regis,  New  York,  Soundings  by 
Mr,  F.  C.  Shenehon,  Assistant  Engineer, 

(b)  A  set  of  4  sheets,  scale  1:10000,  dated  1921, 
showirg  topography  on  the  United  States  side  of  the  St.  Lawrence  River 
between  Waddington,  New  York,  and  Richards  Landing,  Kew  York.   Topography 
by  Mr,  B,  D,  Bell,  Junior  Engineer, 

(c)  A  set  of  10  sheets,  numbered  11  to  20,  scale 
1:10000,  dated  1938;  a  composite  map  of  all  soundings  to  1938  in  the  St. 
LaTvrence  River  between  Ogdensburg,  New  York,  and  St,  Regis,  ^ew  York, 
Surveys  by  Mr.  B,  D.  Bell,  Associate  Engineer,   District  File  SS-F-530/l- 
10,   (All  files  of  the  St.  Lawrence  River  District  will  be  stored  in  New 
York  District  Warehouse  at  Mill  Rock,  N.Y.) 

(d)  In  the  fall  of  1940,  the  United  States  Lake  Sur- 
vey completed  a  ne^  hydrographio  survey  of  the  St,  Lav/rence  River  from 
Cape  Vincent,  New  York,  to  St,  Regis,  Nev/  York,  Results  of  this  survey 
have  not  been  published,  but  advance  copies  .of  several  of  the  sheets  were 
furnished  and  have  been  used, 

(e)  The  regularly  published  charts  of  the  United 
States  Lake  Survey,  Detroit,  Michigan,  which  pertain  to  the  International 
Section  of  the  St,  Lawrence  River.   The  following  tabulation  gives  the 
chart  numbers,  localities  and  scales  of  these  maps. 

Chart:  '  '        ~  *     ' 

«  Locality  ,   Scale 

TI    St.  Regis,  Ont,,  to  "leaver  Point,  Ont,  1:30000 

12    Tfeaver  Point,  Ont.,  to  Lalone  Island,  N.Y,  li  30000 

18    Lalone  Island,  N.  Y, ,  to  Brooks  Point,  N.Y.  1»  30000 

Inset:   Ogdensburg,  N.Y. ,  and  Prescott,  Ont,         1:15000 
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Chart: 

No»    1 

15 
16 


Kolmes  Pt,   to    Deer  Island 


Locality 
(cont'd) 


Scale 

Ij  30000 

1 J  3D  000 
1 J 10000 
li 10000 

U 30000 


Ij  10000 


1:  30000 


Whiskey  I.   Shoal      to  Bartlett  Pt.   Lt. 
Insets:    Clayton,   K.Y. 

Alexandria  Bay,  N.Y. 

17  Bartlett  Point  Light,  N.Y. ,  and  St.   Le.v/renoe 
Island,  Ont. ,  to  Cape  Viicent,  N.Y.,  and  Cold 
Bath  Shoal,  Ont, 

Inset:      Cape  Vinsent,  N.Y. 

18  Cape   Vincent,  N.Y. ,   and  Hov7e   Island,   Ont.,   to 
Allan  Otty  Shoal,   N.Y. ,   and  Ninemile  Point 

Light,  Ont. 

(2)  Maps  by  the  United  States  and  Canadian  Geological 
Surveys,-     Maps   of  both  sides  of  the  St.   Lawrence  River  prepared  by  these 
agencies  in  the  ^orm  of  th«  standard  quadrangle  topographic  maps*,  are 
list<vd  below: 

(a)  Standard  United  States   Geological    Survey  quad- 
rangle  sheets   covering  the  entire  United  States   side  of  the  proposed 
project,   scale  1:62500,   contour  interval   20  feet.     The  following  sheets 
cover  the   territory  adjacent   to  the  Thousand   Islands   and  International 
Rapids   Sections   of  the  river  on  the  United  States    side:      Moire,  Massene, 
"Taddington,   Red  Mills,   Ogdensburg,    Brier  Hill,   Raymond,   Alexandria  Bay, 
Grincstme,    Clayton,  and  Cape  Vincent,      These  naps  were   procured  from 
the  Director,  United  States  Geological  Survey,  Washington,  D.   C. 

(b)  Standard  Canadian  topographic  maps  covering  the 
entire  Canadian   side   of  the  proposed   project,   scale   1:63360,   contour 
interval   25  feet.      The   following   sheets    cover  the   territory'-  adjacent  to 
the   Thousand  Islands  and    International  Rapids   Sections   of  the   river  on 
the  Canadian  side;   Conwall,  Winchester,  Morrisburg,  Merrickville ,  Brock- 
ville,  Mallorytown,   Canoque,   v/estport,   and  Wolf  Island.      These  maps  were 
procured  from  the   Surveyor  General,   Department   of  Mines  and  Resources, 
Ottawa,   Ontario,  Canada. 

(3)  The  Ross    Survey  Maps,-     Maps   prepared  from  a   survey 
completed  by  the   Frontier   Corporation  in  1907   and  revised   in  1923,   con- 
sisting of  103   sheets,  showed   topographic  and  property  line  features 
includirg  bearings  and   distances;    datum  mean  sea   level;    scale   1   inch 
equals   200  feet;   confcour  interval,   5  feet.      The   survey  covered  the   river 
between  0f;den  Island   and  Pollys  Gut  and   extended    inland   for  varying  dis- 
tances.     The    original    survey  notes,    computations,   dra\vings   and   tracings 
are    on   file   in  the    office    of   the   Niagara  Hudson   Power  Company   in   Buf- 
falo, lev;   York.      One   set   of  process    tracings  was    obtained   enr'i   is    on 
rile  in    Ei strict  File    SS-F-5 13/0-102, 

(4)  Other  maps,-  Maps,  includirg  soundings  of  the  St, 
Lawrence  Piver  and  adjacent  areas  from  Chimeny  Point  to  Colquhoun  Is- 
land,  in  5   sheets,  wero   prepared   and  furnished  by  +he   Canadian   Depart- 
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ment  of  Transport,  Scale  1  inch  equals  1,000  feet,  contour  interval  5 
feet.   The  originals  are  on  file  in  the  office  of  th  aforementioned 
agency,  at  Otta^^a,  Ontario,  File  2136. 

d.  Controls.-  The  following  maps  and  information  pertaining 
to  the  reference  points  established  during  previous  surveys  listed  be- 
loT»,  Twere  available, 

(1)  Tfinngulation  Surveys  by  the  U.  S.  Lake  Survey,-  A 
triangulation  net  covering  the  St.  Lawrence  River  from  Cape  Vincent  to 
3t.  Regis,  l]ew  York,  made  about  1872,   Descriptions  of  points  in  this 
systear  and  their  positions  in  geographic  coordinates,  based  on  the  U,  S, 
Standard  Datum  in  1902,  were  obtained  frcm  the  United  States  Lake  Survey 
Office,  Detroit,  Michigan,  Prints  are  in  District  File  SS-K-500/3,0» 

(2)  Triangulation  Survey  by  International  Waterways  Com- 
mission,- A  triangulation  system  established  by  the  International 
■Waterways  Commission  in  1911  and  1912,  along  the  St,  Lawrence  River  from 
Cape  Vincent  to  St,  Regis,  New  York,  Positions  of  points  in  geographic 
coordinates,  based  on  North  American  Datum,  were  published  in  the  "1915 
Report  of  the  International  Yfaterways  Commission  upon  the  International 
Boundary  between  the  Dominion  of  Canada  and  the  United  States  through 
the  St,  Lawrence  River  and  Great  Lakes,"  This  report  was  published  by 
the  Canadian  Government  Printing  Bureau,  Ottawa,  Ontario,  A  copy  is  in 
District  File  SS-N-500/3A.  In  1938  and  1939,  Mr,  J.  G.  Hefty  of  the 
Interriatioral  Boundary  Commission,  Washington,  D,  C. ,  made  an  inspection 
and  recovery  survey  of  the  aforementioned  International  Waterways  Com- 
mission triangulation  monvanents.   The  report  of  Mr.  Hefty,  which  is  on 
file  in  the  office  of  the  International  Boundary  Commission  in  Washing- 
ton, L.  C,  gives  the  description  of  the  recovered  monunients,  A  photo- 
static copy  of  this  report  is  in  the  Distriot  File  SS-N-50o/3,l,  3.2  and 
3.3, 

(3)  Precise  Levels,-  A  line  of  precise  levels  along  the 
United  States  side  of  the  St,  Lawrence  River  from  Cape  Vincent  to  St, 
Regis,  Few  York,  run  by  the  United  States  Lake  Survey  in  1898  and  1899. 
Descriptions  of  bench  marks  and  elevations  (Uean  Sea  Level  Datum,  1912 
adjustment)  were  obtained  from  the  United  States  Lake  Survey  Office, 
Detroit,  Michigan.   (Lake  Survey  File  3-1615.)   These  data  are  in  Dis- 
trict File  SS-N-500/3,0.   A  number  of  these  bench  marks  are  described 
in  the  United  States  Geological  Survey  Bulletin  671,  "Spirit  Leveling 
in  New  York,"   A  rerun  of  this  line  of  levels  was  made  in  1941 

by  Mr,  C.  B.  MoKechnie  of  the  United  States  Lake  Survey,  during  which 
ties  were  made  to  numerous  other  bench  marks  and  International  Boundary 
Ccxnmission  reference  points.  Several  new  bench  marks  within  the  project 
area,  which  have  been  established  by  this  District,  were  also  tied  in. 
The  results  of  the  work  performed  in  1941  are  not  yet  obtainable.  Photo- 
static copies  of  data  pertaining  to  a  line  of  precise  levels  run  in 
1919,  on  the  Canadian  side,  were  furnished  by  the  Department  of  Trans- 
port of  Canada,  and  a  copy  of  Publication  No,  57,  containing  information 
relating  to  other  Canadian  bench  marks,  were  furnished  by  the  Canadian 
Department  of  Mines  and  Resources,  These  data  are  in  District  File  SS- 
N-500/3,5  and  3,6. 
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e,  Bydraul3c  Pets.   The  folloTwing  principal  hydraulic  data 
were  available, 

(1)  A  large  amount  of  published  and  unpublished  data 
pertairing  to  the  hydrology  of, the  region  and  to  water  levels  in  the 
Great  lakes  and  the  St,  Lawrence  Fiver  during  the  past  80  years,  are  in 
the  offices  of  the  United  States  Lake  Survey  «t  Detroit,  Michigan,  and 
the  Lepartment  of  Transport  at  Ottawa,  Canada,   Reports  cf  these  organi- 
zations contai-i  the  results  of  various  studies  of  schemes  for  regula- 
tion of  flow  tlirough  the  lakes  and  the  St,  Lawrence  River,  including  ef- 
fects of  diversions, 

(2)  Department  of  Transport  Document  Ko,  2,  pertaining 
to  Lake  Ontario  levels,  outflows,  supplies,  and  regulation,  including 
discussions  of  the  regulation  criteria  and  tabulations  of  hydra\jlic 
data  used  in  the  development  of  Regulation  Method  No,  5,  was  prepared 
in  Septerrber  1940  by  the  Department  of  Transport,  Ottawa,  Ontario, 
jee  Appendix  A-2, 

(3)  Records  of  ice  conditions  in  the  St.  Lawrence  River 
and  results  of  laboratory  tests  and  studies  of  ice  conditions  vere  made 
in  the  past  by  Canadian  authorities,  A  detailed  tabulation  of  the 
available  hydraulic  data  is  contained  under  "Hydraulic  Channel  Studies" 
in  Appendix  A-2, 

f.  Subsurface  Explorations,-  Prior  to  October  1940,  the  Cana- 
dian Government,  the  United  States  Cjovernn-ent ,  and  various  private  in- 
terests, had  at  various  times  conducted  explorations  to  determine  the 
nature  of  overburden  and  bedrock  in  the  vicinity  of  proposed  structures 
and  at  points  where  excavations  will  be  made  for  other  purposes  under 
the  proposed  St,  Lawrence  River  project.   These  investigations  were' 
preliminary  in  character  and  were  for  the  purpose  of  studying  the  vari- 
ous alternate  plans  and  layouts  for  the  project.   The  explorations  con- 
sisted mainly  of  wash  borings  through  overburden  and  of  core  borings  in 
bedrock.   The  logs  of  some  of  the  explorations  were  available  and  are 

in  the  District  Files:  some  of  the  cores  obtained  are  stored  in  the  Kew 
York  ristract  Warehouse  at  Mill  Rock,  How  York,   The  location  of  the  ex- 
plorations are  shown  on  the  Canadian  Department  of  "transport  maps  en- 
titled "St,  Lawrence  Deep  "Waterway  International  Rapids  Section  Control- 
led Single  Stage  Project",  a  copy  of  which  is  in  District  File  SF-3-2/7J. 

12,   FEW  SURVEYS.-  a.   Topographic-  Control  traverses  for  topo- 
grfiphy,  structure  layout,  canal  center  lines  and  profiles  were  run  frc*n 
the  triangulation  system  by  transit  and  tape  as  needed.   Topography  was 
taken  by  plane  table  and  stadia.  The  error  of  closure  for  the  traverses 
was  limited  to  1:1500. 

(1)   Vertical  Control.-  The  vertical  control  for  all 
new  surveys  made  was  on  Mean  Sea  Level  Datum,  4th  General  Adjustment 
(1912),  Vhere  possible,  direct  ties  were  made  to  the  precise  level  line 
referred  to  in  paragraph  lld(3).  ^'Tiere  this  was  not  convenient,  third 
order  levels  were  run  from  Fhe  precise  level  line  and  temporary  bench 
marks  established  as  needed.   A  list  of  all  bench  marks  is  shown  under 
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"I'orizontal  and  Vertical  Control  Data"  in  Appendix  A-2  and  their  locat- 
ions  are   shorn  on  Drawing  SS-R-505/l  in  Appendix  A-l« 

(2)  Horizontal   Contro],-     A  check   of  the    triangulation 
system  of   ^fe   Internaticnal  "Waterways   Commission  referred  to  in  paragraph 
lld(2)   showed   that  most   of  the  monximents  were  still   in  place.     It  was 
decided   to  use  this    control  system  and   tie   all   surveys  to   it.     The   first 
problem  was  to  transfer  the  control  points  from  geographic  coordinates 
to  the   Transverse  Mercator  coordinates   (East   Zone)  for  the   State  of  New 
York,  which  had  been  designated  as   the  basis   of   coordinates  for  this   pro- 
ject.     This  was   done  by  the  method   outlined   in  "Special  Publication  No, 
193  -  Manual  of  Plane-Coordinates   Computations"  as   published  by  the 
United  States   Coast  and  Geodetic  Survey,      The  maps   of  the  Ross  Survey 
referred   to  in  paragraph  llc(3)   are   plotted  on  an  arbitrary  plane   coord- 
inate  sys-tan.      In  order  to  TTse  this    survey,   it  was   tied   in  to  the  Trans- 
verse Mercator   coordinates  by  making  field   ties   from  Ross   triangulation 
stations   to   Inte-rnaticnal  'Waterways   Commission  triangulation  stations. 

An  equation  was  then  computed  between  the   Ross   coordinates   and   the    Trans- 
verse Mercator  coordinates,   and   the   latter  system   superimposed  on  the 
Ross  Maps,      Computations   for  the   above  conversions  are  in  District  File 
SS-K- 500/3,0, 

(3)  Surveys   During  Period   1940  to  1942,-     The  following 
surveys  v/ere  carried  out   by  the  St,    Lawrence  River  District  betv/een 
November   1S40  and  March   1942» 
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Description  of  Survey  :No,of  :    Scale 

: sheets: 


District  File  No. 


Topographic.  U.S.  side:9  emd  :1"=  500« 
from  Waddington  to    -index  t 
Chimney  Point,  1  mile  •      j 
inland.  :      i 


Topographic,  U.S.  site:   4 
from  Coles  Creek  to   ; 
Waddington,  2  miles   : 
inland,  : 


Profiles,   Proposed 
Rockway  Point  Canal 
OR  center  line  and 
221-ft,  offsets. 


Profile,  Proposed  road;   5 
diversion,  Waddington  : 
to  Coles  Creek        t 

i 
Topographic.  Abutment  :   1 
areas  of  Long  Sault   : 
Dam  site,  i 


Topographic,  Area  ad- 
jacent to  Grass  River 
from  highway  bridge  at 
Aluminum  Plant,  Mas- 
sena,  to  point  8,000 
feet  east. 


Profiles  and  cross  sec-  12 
tions.  street  and  sew-- 
er  layout  of  proposed 
. Seawaj'  Village, 

Topographic,  Massena 
Airport,  inclixiing 
cross  sections  and  pro- 
files of  drainage  to  : 

Grass  River. 


Topographic.   Proposed 
relocstion,  K.Y.and 
ard   Ottav;a   R.K.    via 
Grass   River  Lock 

Topographic,   K.Y.    and 
Ottawa   R.R,    across 
Xlornwall  Island 


l"s  500« 


10» 


:  Ver.l" 

:  Hor,l"    •  100«    :QL-l-2/4-5 

t  : 

:  : 


I SS-0-5ll/0;GS-l-61l/l-6j 

«  0S-l-51l/7-8,WS-l-.511/10. 
t 

• 

jT':S-l-51l/9;rS-l-5H/ll-13, 
t 

QD-1- 190/5-9; 


t   Ver.l"    =  10» 
t   Hor.l"    «  200* 


V/EE-l-o50/l-5. 


1"    =  200»  :    BD-l-513/l 


1"    -  200* 


MRR-1-513/1-2 


:  PI.  1" 
:  Ver.l" 
t   Hor.l" 


200 » 

10' 

200* 


PI,    1"  5   200* 
(Ver,l"    =  5» 
(Hor.l"   =  5' 

« (Ver.l"  =  10 ' 
(Hor,l"   s  200' 

1"   =   200» 


1"   =  100' 


(cont'd) 
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MV-l-550/l-llj 
MV- 1-50 2/1. 


MA-l-513/lj 
I^A- 1-5  50/1 ; 
MA-l-551/1-2. 


MRR-l-551/1-3 


CRY- 1-5 13/1-2 


Description  of  Survey 


No, of   : 

sheets: 


Scale 


'  District  File  Ko, 
: 


(cont'd) 
Profile.  Proposed  N.Y 
and  Ottavea  R.R, bridge 
site  across   Pollys 

Gut, 

Profiles,  Proposed 
Long  Sault    Caml   on 
center  line  and   221- 
ft, off sets, 

Topogrephio.   Canadian: 
side,    from  Johnstown 
to  Morrisburg,1000 
feet  to  1  mile  inland 

Topographic,    Abutaont 
areas  at  Iroquois   Dam 

site 

Cross  section,   Cona- 
wall    Canal   Dike  at 
Lock  21, 

Topographic,   Heloca- 
tion  of  Cornwall   Can-i 
al  betv^een  Locks  19 
and  20,1/2  mile  in- 
land. 


16 


11 


:Ver,l"  = 

:Bor,l"  = 

: 

t 

:Ver,l"  = 

:Eor,l"  ' 

i 


20 » 
100' 


10 » 
100» 


1"  =   500* 


1"  s   200» 


PI,  1"  =  500' 
Ver,l"  s  10 • 
Por,l"  s     40 » 

1"  =  200« 


MRR-1-550/2 


:    MC-l-lO/8-23 


SS-O-550/5O1 
GS-1-511/51-52; 
OS-1-511/53-57) 
TTS-l-S  11/58. 


QD-l-513/2 


:    BC-lO-551/O-lO 


• 

»    B3-1-513/1-2 


All  tracings,  original  maps,  computations,  and  field  notes  for  these  sur- 
veys are  iu  the  District  Files, 

b.  Aerial,-   Aerial  photographs  of  the  St.  Lawrence  Rivar  and 
adjacent  "areas  from  Ogdensburg,  New  York,  to  the  upper  end  of  Lake  St, 
Francis  were  made  by  the  United  3tai-es  Army  \ir  Corps  in  May  1941,   Mosa- 
ics vrere  made  from  these  photographs  by  the  Engineer  Reproduction  Plant, 
Army  War  College,  Washington,  D,  C,   One  set  of  13  mosaics  and  1  set  of 
cortact  prints  are  in  District  Files  SS-K-l/l  to  l/l3»   These  photo- 
graphs have  been  classified  as  "RESTRICTED"  because  they  show  the  loca- 
tion of  essential  manufacturing  projects  and  other  details  of  strategic 
importance;  their  distribution  has  been  limited  to  responsible  persons 
having  an  official  connection  with  the  proposed  St,  Lawrence  River  Pro- 
ject, 

c,  Fydrographi c, -  The  District  forces  made  soundings  in  the 
St,  Lawrence  River  from  Chimney  Point  to  Point  Rockway  in  the  form  of 
profiles.   These  profiles  were  run  on  the  center  line  of  the  proposed 
channel  and  on  the  221-foot  offsets  on  each  side  of  the  center  line. 
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Floats  were   set    on   line  by  survey  oraws   and    soundings  -were  made  between 
floats.     A  Johnson  type  sounding  machine  -was  used,  mounted  on  the   launch 
"Seaway.*^     Soundings  were   taken  at  lO-second   intervals  and  located  by 
instrument  every  minute.      They  -were  plotted  on  a  scale   1  inch  equals 
300  feet.     Approximate  surface  velocitios   in  miles  per  hour  of  the  St, 
Lawrence  River  were  measured  between  Ogdensburg,   New  York,   and  Cornwall, 
Ontario,     This  was  accomplished  by  calibrating  the   tachometers   on  the 
launch  "Seaway"  over  a  measured  course   in  quiet  water.      The   results 
were  plotted  on  a  graph  to   show  motor  revolutions   per  minute,  as   ordi- 
nates,   and   miles   per  hour  as  abscissas.      The   launch  was   then  spotted  at 
localities  where  velocities  were  desired,   and   throttled   dann  to   the 
point  where   the  motors   held  the  boat   stationary  against  the   current. 
The   graph  then  gave  the  velocity  of  the  vater  in  miles   per  hour  corres- 
ponding to  the  revolutions  per  minute  read  on  the  tachometers, 

13,  PERMA^'ENT  MONUMENTS   AND   BENCH  MARKS,-     _a.      Horizontal   Control,- 
Tabulations  under   "Horizontal   and   Vertical   Control   Data"   in  Appendix  A-2 
give   the   description  and   coordinates   of  all   horizontal   control  monuments 
used  by  this    Dist  rict.      The    locatiors     of  these  monuments  are   shown  on 
Dra?;ing  SS-R-500/l  in  Appendix   A-1,      The  monuments   are  those   of  the 
United  States   Deep  v^aterways   Commission,   the   International  Boundary  Com- 
mission,  the   International  Waterways   Commission,   the  United  States  LaVe 
Survey,   and   those   set  by  this   District  as  base  line   control  for  proposed 
structures  and  property  line  work.      The   coordinates   shown  are  the   geo- 
graphic coordinates  based   on  North  American  Datum  and  the  Transverse 
Meroator  coordinates,  east  tone,  for  the  State  of  New  York, 

b.      Vertical   Control,-     The  vertical   control  bench  marks   used 
are   those   of   the  Hnited   States   Deep  ^rraterways   Survey   of  1898,   the  United 
States  Lake  Survey  triangulation  monuments,  the  International  Boundary 
Commission  reference  monuments   and   the  International  Waterways    Commis- 
sion triangulation  monuments   upon  which  this  District  established  eleva- 
tions, the  Geodetic   Survey  of  Canada,  and  those  established  by  this    Dis- 
trio-*-.      All  elevations   are  based   on  Mean  Sea  Level   Datum,  4th  General 
Adjustment   (1912),      Complete   descriptions   of  these  bench  marks   are   given 
under   "Porisontal   and   Vertical   Cort  rol   Data"  in  Appendix  A-2,  and  their 
locations   are  shown  on  Drawirg   SS-R-505/l  in  Appendix  A-1, 

14.  NEyr  EXPLORATIONS.-     a.      General,-     Beginning  in  October   1940 
exploration  work  was  oonduoted'^y  the  St,   Lawrence  River  District,  Mas- 
sena.  New  York,  at   sites  of  proposed  channels,  cuts  and    structures  to 
determine  more  fully  the  nature  and  condition  of  the   overburden  and  bed- 
rock,  for  guidance   in  designing  and  planning  the  project  works.     Explo- 
rations  haT7e   also  been  conducted  to   locate   suitable   sources   of  materials 
for  use   as   concrete  aggregate    (see  paragraph   16),  highway  embankments, 
filter  and  backing  purposes   and   for  the   construction  of  earth   dikes. 
These   opertitions   have   consisted   of  extensive  geological    reconnaissance; 
drilling  in  both  overburden  and  bedrock;    the  determination  of  bedrock 
elevations  by  seismic  methods;    the  excavation   of  test   pits  and  test 
trenches;    the  drilling  of  auger  holes,    euad   probing  with   a  Eighmark  prob- 
ing machine  and  with  manually  driven  rods.      Complete   reports   of  all   ex- 
plorations  are  in  the   District  File  sF-G-2/l,00  to  7,3,      The  explorations 
conducted  for  each  proposed  structure  or  phase  of  the   project  are 
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discussed  in  detail  in  the  respective  analysis  of  design  or  in  special 
reports  which  are  included  in  the  Appendices,      The  Folio  of  Subsurface 
Explorations,  which  constitutes  Appendix  B-1  of  this   report,    shows  the 
location  and  coordinates  of  all  points  or  areas  where  explorations  have 
been  conducted.     Included  in  this  Appendix,  are  records  indicating  the 
character  of  material  at  various  depths  for  all  drill  holes,  test  pits 
and  probings,  and  auger  holes  having  numbers  greater  "than  T-1500.     Aug- 
er holes  havjng  numbers   less  than  T-1500  are  located  at  widely  scattered 
points,  and   the   records  of  some  of   these  holes  are  not  included  in  the 
Appendix* 

b.  Geological  Reconnaissance,-     Field   trips  along   roads, 
cross  country,  and  waterways,  were  conducted  throughout  the  valley,  to 
locate   superficial  features  and  gather  other  information  which  would 
aid  in   planning  the   exploration  program  and   in   the   interpretation  of 
the   geological   conditions   of  the   region.     Extensive  examination  of  rook 
outcrops   and  existing  quarries  was  made  in  Kew  York  and   Canada  to  lo- 
cate  suitable   sources   of  material  for  concrete  aggregates,  rip-rap  or 
rock  fill,  sand  and  gravel   suitable   for  filter  and  backing  purposes, 

as  well  as  material  for  highway  embankments   (see  paragraph  16b), 

c.  Contract  Drilling,-     Extensive  drilling  operations  were 
carried  ouT  under  contract  by  Spragua  and  Henwood,  Inc,   of  Soranton, 
Pennsylvania,     The  following  work  was  accomplished  by  methods  described 
in  the  three  following   sub-paragraphs. 

Holes  in  Bedrock 10,500  lineal  feet 

Boles   in  Overburden,   3|^-inch  casing, ,,,,,  17,400  lineal  feet 

Boles  in  Overburden,   2^inch  casing,, «•••  5,900  lineal  feet 

Holes  in  Clay  deposits,   6-inoh  casing,,.,  750  lineal  feet 

(1)  Boles  for  Investigating  both  Overburden  and  Bedrook,- 
Holes  for  this  purpose  were  put  down  with  diamond  drilling  equipment 
using  Scinch  casings   in  the  overburden  and   2-l/8-inch  core  bits  in  the 
bedrock,  except  a  few  holes  which  were  finished  with  a  l-S/S-inoh  core 
bit  after  eaving  or  other  difficulties  prevented  the  further  use   of  the 
2-l/8-inch  bit.     Dry  soil  samples  usually  taken  at   5-foot   intervals   or 
at  changes   in  mateirial  were   obtained  in  most  of  the  holes.     As  a  rule, 
holes  drilled  to  determine  the  elevation  of  bedrock  were  extended  20 
feet  into  the  rook  to  verify  the  fact  that  bedrock  had  actually  been 
reached,  and  to  obtain  rock  cores  for  visual  examination.     At  the  proposed 
sites  of  large  concrete  structures,   ^ere  the  character  and  condition 

of  the  bedrock  would  be  of  more  importance,  some  drill  holes  were  carri- 
ed 100  feet   into  the  rook.     Special  conditions  encountered,   such  as 
breccia  ted   zones  and   gypsun  deposits,  were   investigated  by  drilling  deep- 
er holes,  some  of  i^fcich  extended  200  feet  into  the  bedrock.     All   rock 
cores  and  soil  samples  obtained  are   stored   in  the  New  York  District  Ware- 
house at  Mill  Rock,  Kew  York, 

(2)  Boles  In  Overburden  Only,-     Holes  for  investigation 
of  the  OTerburden  only  were  dirilled  using  either  2^1nch  or  Scinch  cas- 
ings.    All  holes  of  this  type  with  numbers  greater  than  D-1500  were 
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drilled  using  2'^-inch  oesing.   Dry  sanples  were  taken  by  means  of  sam- 
pling tubes  1-|  inches  and  2  inches  in  diameter.   "T^e  samples  were 

usually  taken  at  5-foot  intervals  or  at  changes  in  material,  and  wash 
boring  methods  were  permitted  belTjeen  .<?an>ples, 

(3)  Holes  for  Obtaining  Undisturbed  Samples.-  Holes  were 
drilled  using  6-inch  casing  at  certain  points  along  the  Long  Sault  Canal 
and  adjacent  dikes,  and  at  the  site  of  the  Point  Rockv/ay  Lock  and  new 
Cornv/all  Canal  Dike  for  the  purpose  of  obtaining  undisturbed  samples 
of  marine  clay  deposits.  During  the  initial  stages  of  this  work,  a  Mass- 
achusetts Institute  of  Technology  sampler  spoon  was  used,  but  due  to 
the  characteristics  of  the  soft  marine  clay,  mary  of  the  samples  were 
lost.   To  overcome  this  difficulty,  a  sampling  spoon  equipped  with  spec- 
ial features  for  retaining  the  samples,  furnished  by  Sprague  and  Hen- 
wood,  Inc.,  was  used  and  somewhat  better  results  were  obtained.   A  de- 
tailed description  of  the  difficulties  encountered  during  these  opera- 
tions and  of  the  special  spoon  used  is  included  in  the  appendices  re- 
lating to  the  pertinent  structures. 

d,   Eyploration  by  Government  Forces.-  Explorations  were 
conducted  ^  Government  forces  at  many  sites  for  the  purpose  of  obtain- 
ing information  regarding  the  foundations}  for  locating  deposits  of 
suitable  material  for  borrow;  and  for  determining  the  location  and  ex- 
tent of  soft  materials  along  the  alignment  of  oanals.  The  work  included: 

(1)  Test  Pits,-  Numerous  test  pits  were  excavated  -where 
detailed  information  was  desired,  particularly  near  the  surface.   The 
pits,  which  were  not  sheathed,  "ne re  excavated  to  a  depth  of  approximate- 
ly 6  feet  and  where  posdble,  were  extended  by  auger  borings.  Bag  m  d 
jar  samples  were  taken  in  each  stratum  of  material  encountered.  Two 
deep  test  pits,  T-IOOOP  located  on  the  initial  alignment  of  the  Long 
Sault  Canal  and  T-lOOlP  located  at  the  proposed  site  of  Dike  No, 4  of 
the  Long  Sault  Canal,  were  excavated  to  obtain  detailed  information  and 
undisturbed  samples  of  soft  marine  clay,  which  had  been  found  in  those 
localities.   Test  pits  with  nianbers  less  than  T-1500  were  used  to  ex- 
plore foundation  oondilriaQS  and  to  locate  deposits  of  suitable  material 
for  borrow*  A  total  of  290  test  pits  were  excavated, 

(2)  Auger  Holes,-  Many  auger  holes  were  drilled  as  deep 
as  possible,  using  a  5-inch  hand  auger,  and  then  were  extended  by  means 
of  probing.  Bag  seunples  of  the  overburden  were  taken,  A  total  of  669 
auger  holes  were  drilled.  Auger  holes  having  numbers  less  than  T-1500 
were  used  to  explore  foundation  conditions  and  to  locate  deposits  of 
suitable  material  for  borrow, 

(3)  Probings ,-  Two  types  of  probings  were  used  to  deter- 
mine the  condition  of  overburden  along  the  alignment  of  the  oanals  and 
at  the  dike  sites.  Hand  probings,  using  3/4-inch  rods  and  a  14-pound 
sledge  hammer,  were  used  to  extend  auger  holes  end  to  supplement  the 
test  pits,  particularly  along  the  alignment  of  the  Long  sault  Canal,  The 
notation  "P"  was  used  for  holes  made  by  hand  probing  methods,  A  High- 
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mark  probing  maohine  was  used  to  determine  the  depth  to  firm  material 
at  localities   of   channel  excavation  and  other  outs  and  at  some  dike 
sites.     These  holes  were  designated   ^PH".     The  Highmark  maohine   drives 
a  l|^inoh  probing  pipe  using  a  olosed,   remoynble   tip  or  point  which  can 
be  retracted  without  pulling  the  casing  when  samples  are  desired.      To 
obtain  samples  in  clay,  an  open  end  pipe   3/8-inch  inside  diameter,  was 
forced  into  the   soil  below  the   probing  pipe.      In  sandy  materials,  a 
pipe,   3/8-inch  inside  diameter,   having  a  closed  end  and  a  slot  in  the 
wall  approximately  two  inches  from  the  end  of  the  pipe  was  used.     The 
saii|>les   obtained  with  this  device  were  either  washed  through  the  slot 
or   scraped  through  as  the   sampler  was  moved  up  and  down.      Ihe  probing 
pipe  was   driven  with  a  hammer  weighing  163  pounds  and  dropping  approxi- 
mately 15  inches  at   an  average   rate  of  50  blows  per  minute.     A  field 
log  was  kept  of  each  hole  which  recorded  the   rates   of  penetration  as 
well  as   the  description  of  samples   obtained,     A  total   of  731  holes, 
21,400  lineal  feet,  was  probed  with  this  machine, 

e.     Exploration  by  Seismic  Methods,-     Subsurface  conditions 
were  believed  to  be  such  that  the   seismic  method   of  investigation  could 
be  successfully  used,   that  the  contact  surface  between  the  bedrock  and 
the  overburden  could  be  deteraiined  with  a  fair  degree  ^of  accuracy,  and 
that  some   success  in  the   classification  of  the   overburden  might  be 
achieved*     A  program  of  seismic  investigations  was  therefore  inaugurated. 
The  results  of  these   investigations  were  used  as  a  guide  in  planning  a 
drilling  program  to  obtain  more  detailed  information.      Only  a  few  seismic 
determinations  were  made  at   sites  where  sufficient  data  for  laying  out 
the  drilling  program  were  available.     In  general,   the   seismic  method 
was  used  to  obtain  additional   information  between  the  dirill  holes  or  in 
the  vicinity.     The  drilling  program  was  thus  reduced  to  a  minimxun.     The 
seismic  method  and   instruments  uaed  were  those   developed  by  Mr.   E.   R» 
Shepard,  Senior  Physicist,  Office  of  the  Chief  of  Engineers,  United 
States  Army,     They  are   described  in  the  article  entitled,   "The  Seismic 
Method   of  Exploration  Applied  to  Construction  Projects"  by  E.    R.    Shepard, 
pviblished  in  the   October, 1939   issue   of   '*The  Military   Engineer."     Special 
subaqueous   seismic   investigations   to  obtain  elevations  of  the    surface  of 
bedrock  were  conducted  at    some  points   along  the  proposed  channels  where 
drilling  would  be   dangerous  or  very  costly.     The  conventional  seismic  me- 
thods used   on  land  were   adapted   to  the   requirements   of  subaqueous  work  by 
developing   special   apparatus  and  technique.      The   lines  were  laid   out  and 
fired  in  the  same  manner  as   in  land  operations,  but  the  detectors  were 
mounted  in  waterproof  oartridges  held   on  the   river  bottom  by  special  equip, 
ment.   Subaqueous   investigations  were   also  made   in   swifts  water  at  the  Long 
Sault   Deup   site  by  locating  the  oscillograph  on   land   and  firing   single 
shots   in   the   channel,      A  report  describing  the  seismic   investigations  is 
included  as  Appendix  B-2,      The   results   of  most   of  the   lines   shot  on  land 
and   in  quiet  water  are   believed    to   be  within  the    usual  limits   of  accuracy 
of  seismic  work.     The  results  from  some   lines,  however,  were  unsatisfact- 
ory, probably  due  to  the  effect  of   frost  in  the  ground  and   to  the  fact 
that   some   of  the   lines  were   located    in  areas  where  thick  blankets   of  fill 
had  been  deposited.      These  unsatisfactory  lines   are  not    shown   on   the   draw- 
ings  in  the  folio   of   sub-surface  exploration.   Appendix  3-1,      Results  ^ere 
also   unsatisfactory  in  one   area   of  the   Point  Rockway   Canal,   probably   due 
to  unusual   soil   and   rock  condition.      A  total    of   392   satisfactory  lines 
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were  fired,  excluding  the  -work  in  the  swift  water  at  the   Long  Sault  Dam 
site, 

f.  Additional  Exploration  Required.-     Explorations  carried 
out  by  thiT  District  have  been  confined  ohiefly  to  the  sites  of  the 
Iroquois   Dam,  Point  Rockway  Car«l,   Long  Sa\ilt  Canal,  including  its   locks 
and  dikes,  Massena  Canal  Intake  ""•''orks,   the  Long  Sault    Dam,  the  Barnhart 
Island  Powerhouse,   including  the  forebay  dike,  and  the  new  Cornwall 
Canal,     Before  coinmencing  construction,   some   additional  holes  at  these 
sites   should  be   drilled  in  order  to  obtain  more  detailed  information 

at  certain  points  and  to  verify  assumptions  made  in  the  designs.      The 
quantity  of  such  work  required  at  the   site  of  each  feature   is  discussed 
in  the  analysis   of  design  for  that  feature  in  the  accompanying  appendi- 
ces.     At  the  sites  of  other  structures  and  along  the   proposed  cuts  in 
channels,  the   exploration  work  has   been  limited,   and   considerable  addi- 
tional  exploration  work  should   be  performed  before  completing  the  de- 
signs and  compiling  estimates  of  cost, 

g.  Laboratory  and   Field  Tests   on  Soils   and  Bedrock,-     A  soils 
laboratory"^ as  organized  for  testing  the  samples  obtained  during  the  ex- 
ploration work.     The   laboratory  was  equipped  for  making  routine  tests 
only  as  the  extent  and  nature   of  the  studies  to  be  made  were  not  origi- 
nally known.     As  the   investigations  progressed  and  it  became  apparent 
that   before  adequate  designs  could  be  made  it  would  be  necessary  to  de- 
termine the    stress-strain  characteristics   of  the  marine  clays  and   silts 
existing  as   overburden  deposits  throughout  the   project  area,  arrsn gements 
were  made  for  supplementary  tests  at  the  Binghamton  District  Soils  Lab- 
oratory at  Ithaca,   New   York,      The  undisturbed    samples   of   clay  obtained 
from  6-inch  holes  were  tested.      The  methods  used  for  all  routine  and 
special   tests  are  described   in  the  analyses   of  design  for  the  various 
features,   in  the  accompanying  appendices. 

15,      LANDS   AND  EASEMENTS.-     a»      General,-     Article  X  (c)   of  the 
International   J>^reement   signed  March  19,  1941,   states,  "Each  govenaaent 
will  assume  the   responsibility  for  and  the   expense  involved  in  the  ac- 
quisition of  any  lands  or  interests   in  land   of  its  own  territory  which 
may  be  necessary  to  give  effect  to  the  provisions   of  this  Agreement," 
Accordingly,   preliminary  investigations   for  acquisition  of   lands   and 
easeirents  required  for  i;he   project  were  limited  to  those  areas  situated 
within  the  boundaries  of  the  United  States.     No  investigations  were  made 
of  Canadian  lands.     The   intent   of  this  work  was,   in  general,  to  secure 
sufficient  data   concerning   those  properties  which  will  be  required  dur- 
ing the  first  year  or  two   of  construction   so   as  to  negotiate  for  the 
purchase   of  the   properties   or,  if  necessary,   to  initiate   condemnation 
proceedings   immediately  upon  authorization  of  the  proposed  project, 

b.     ^A'ork  Pore  and  Methods   Bnployed.-     The  preliminary  property 
investigations  may  be  divided  into  four  separate  phases   of  work,  as 
follows: 

(1)  Preliminary  searching  and  mapping, 

(2)  Surveys, 

(3)  Appraisals, 

(4)  Abstracts  of  title, 
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Work  was   started  on  those  lands  which  will  be   required  for  first  priority 
oonst ruction,  and  as  time  permitted  was  followed  by  work  in  the  areas  of 
lower  priority, 

c.  Preliminary  Searching,-     All  available  information  relative 
to  proper'tiy  boundaries  and   ownership  was   obtained  by  interviews  with 
owners  or  residents  of  the  properties,  and  was  recorded  on  interview 
sheets.     These  sheets  were  transmitted  to  searchers  in  the  County  Clerk's 
Office,  who  secured  from  the  record  a  legal   description  of  the  property. 
From  the  information  obtained,  base  naps  showing  the  approximate  bounda- 
ries of  each  tract  of  land  were  prepared,      !Ihe  work  included  use  of  a 
ntanber  of  old  maps   showing  the  original  patents  and  subdivisions  of  the 
land.     These  maps  will  be   of   considerable    assistance  and  value  in  re- 
viewing titles.      Interview  sheets  and  deed  descriptions  for  each  indivi- 
dual parcel  of  land  are  contained  in  District  File  BLA-L-400/32  to  WLA- 
P-400/^47,      Ihe  area  covered   during  this  work  is  indicated  on  Drawing 
SIA-R-l/l  in  Appendix  A-1, 

d.  Surveys,-     Surveys  were  made  for  the   purpose  of  determin- 
ing boundary  lines,   improvements  on  the  land,  and  other  pertinent  data. 
Most   of  the  deed  descriptions  covering  properties  in  the  area  were  too 
general  to  be  used  as  a  basis  for  the  accurate  determination  of  property 
lines.     Existing  fence  lines,  roads  or  other  physical  characteristics, 
which  had  been  accepted  as  property  boundaries  over  a  period  of  years 
were  therefore   surveyed  and  used,     Paitial   takings   of  many  tracts  are 
involved  in  the  section  between  the  Village  of  Tfaddington,  New  York,  and 
Chimney  Point,     Taking  lines  were  surveyed  and  established  throughout 
most   of  this   area.      The   taking  line  for  the  pool  was  assuned  at    eleva- 
tion 250,0  feet  mean  sea  level.     It  was  unnecessary  to  make  complete 
land  surveys  for  that   portion  of  the   project  area  extending  10  miles 
east  of  the  llassena  Power  Canal  since  this  area  was   included  with  suffi- 
cient accuracy  in  the  Ross  Survey  (paragraph  llo(3).     Certain  property 
lines  shown  on  the  Ross  Survey  were  checked  in  the  field  to  establish 
the  accuracy  of  this  survey.      The   only  additional  work  necessary  in  this 
area  was  to  survey   IJie  properties  which  had  been  subdivided  since  the 
Ross   Survey  in  1907,     The  Ross   Survey  has  been  used  as  a  basis  for  num- 
erous conveyances  in  this  area  over  a  period  of  years  and   consequently 
has  some  value  as  a  basic  document  for  land  work,     A  complete  set  of  the 
Ross  Maps,  together  with  necessary    surveyor's  certificate  and   other 
affidavits  are  in  District  File  SLA-F-1/T90,     It  is  anticipated  that 
this   survey  will  be  placed  on  record  in  the   County  Clerk's  Office  of  St, 
Lawrence  County  when  work  on  the  project  is  started  and  will  then  be 
used  as  a  basis  for  many  of  the  legal  descriptions  of  property  prepared 
by  this  office.     From  the  survey  data  secured,  individual  plat  maps  and 
legal  descriptions  were  prepared  for  each  parcel  of  land.      Descriptions 
are  referenced  in  most  instances  to  existing  monxanents  of  the  Internat- 
ional Boundary  Commission  and  International  Waterway  Ccmmission,     In  a 
few  instances,   permanent  monuments  were  established  by  this   office  for 
property  reference  ties.     The  area  covered  by  field  surveys,  including 
those  areas  for  which  the  Ross  Survey  was  adopted,  is   indicated  on 
Drawing  SLA-R-l/2  in  Appendix  A-1,     Areas  for  which  plat  maps  have  been 
drawn  and  legal  descriptions  written  are  indicated  on  Drawing  SLA-R-l/s 
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in  the   same  appendix,      A  complete   set  of  tracings  with  all   property  sur- 
veys  plotted  thereon  are   in  District  File  BLA-L-400/32  to  ^•'LA-P-400/;.47. 
Legal   descriptions  and   plat  maps  for  each  parcel   of  land   are  in  File   BLA- 
L-400/32  to  WU-P-400/'/47, 

e.  Appraisals,-     Detailed  property  appraisals  were  made  of 
228  parcelT  of   land,  by  a   Department  appraiser  and  by  qualified   local 
appr&isers  employed  by  this   office  who  worked  independently.      Two  or 
more  appraisals  were   secured  for  the   same  property  in  many  instances. 
The  purpose  of  ihis  procedure  was  to  secure  sufficient  independent  ap- 
praisals  on  representative  properties  in  each  locality  to  definitely 
esta>^lish  the  valuation  and  adequacy  of  the   appraisals  for  that   particu- 
lar area.      The  area  east  of  the  Massena  Power  Canal,   including  Bamhart 
and  Long   Sault  Islands,  contains   175  parcels   of  land,  and  275  independ- 
ent appraisals  were  made  in  this  area.      Drawing  SLA-R-l/4   in  Appendix 
A-1  shows   the  area  covered  by  appraisals.     Individual  appraisal   reports 
are   in   District  File  BLA-L-40o/32  to  WLA-P-4 00/^47, 

f.  Abstracts   of  Title.-     Abstracts  of  title,  which  will  be 
required  upon  authorization   of  the   proposed   project,  were   prepared  for 
as  many  properties  as   possible,      A  total   of   32  abstracts  were  made  by 
this    office.      In  additior,  the    field   interviewers   obtained,  whenever 
possible,  abstracts  in  the   possession  of  property  owners.     Photostatic 
copies   of   these   abstracts  were  made  and  placed  in  the   files.     In  some 
instances,  these  abstracts   can   be   readily  completed  while,   in  other 
itisitances,   the  abstracts   secured  from  property  owners  will  prove   of  little 
value,     A  total  of   62  completed   or  partially  completed  abstracts  are   in 
the   District  Files,      Abstracting  was  done  by   two  attorneys  who  worked 
intermittently.     Because   sufficient  funds  were  not  available,  it  was  not 
considered  economical    or  practicable   to  establish  an  elaborate   orgamza- 
tion  for  abstracting  titles  to  all  property  required.      It  was  considered 
thpt  upon  authorization  of  the  proposed  project,  abstracts  would,  in 
most  instances,  be  secured  by  contract, 

g.  Summary,-     Preliminary  searching  of  titles  for  all  lands 
on  the  American  side   is  approximately  92  per  cent  complete;    surveys   60 
per  cent   complete;    preparation  of   plat  maps  and   legal  descriptions  40 
per  cent  complete;   and   appraisals  7   per  cent   complete.      It   is   estimated 
that  a   force   of  12    office   employees  and  one    survey  party   could  complete 
the  prelirinary  work,   excluding   appraisals  and   abstracts   of    title,  with- 
in a  period   of  4  months,      A  force   of  4  appraisers  could  complete   remain- 
ing property  appraisals  within  a  period  of  6  months.      The  status  of  pre- 
liminary investigations   for  each  individual  parcel   of   land  is   shown  in 
the  tabulation  under  "Land  Acquisition,  Status   of  Preliminary  Investiga- 
tions" in  Appendix  A-2,      The  status   of  these  investigations   for  various 
sections  of   the  proposed  project  area  is   as   follows: 

(1)      The  area   between  Massena  Point  and   the   Massena  Power 
Canal,  i:ile   107,5  to  Mile  99   (see  Plate  M-1,   bound  herein),   including 
Long  Sarlt  and  Bamhart  Islands   is   complete  with    respect  to   searching, 
surveys,  plat  maps  and  legal  descriptions  and  appraisals,     A  number  of 
abstracts  of   title  have  also  been  prepared  for  properties  in  this  area. 
Additional  work  necessarywill  be  to  secure,  preferably  by  contrast, 
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abstracts   of  title  for  the  remaining  parcels   of   land. 

(2)  Froin  the  Massena  Power  Canal   to  the  easterly  limits 
of  the  Village   of  Waddington,  Mile  99  to  Mile  83.5,   preliininar\'-  search- 
ing has  been  completed  and  deed  descriptions  secured  for  approxinately 
73  per   cent   of  the   properties.      In  addition,   surveys,   plfeit  maps  and 
legal  descriptions  have  been  completed   for  properties   on  Croil  Island, 
The  major  portion  of  the   land  in  this   reach  will  b©  acquired  for  flowege 
purposes   only,      Sarly  acquisition  of  this    land   is   not   required  since 
the   coxistruction  -work,   including  levees   and  highway   relocations,   are  of 
low   priority, 

(3)  Between  the  Village   of  V/addington  and  the  proposed 
Iroquois    Dam,  Mile  84,5  to  Mile  77,5,   a  considerable  amount   of  work  has 
been  a  exempli  shed.     Field  surveys  have  been   conpleted  for  the   entire 
area,  with  the   exception   of  the  Village   of  r/addington,  where  a   limited 
amount   of   additional  survey  work  is  necessary.     Appraisals  heve  been 
secured   covering  the  area   from  Point   Rockway  to  Leishmans   Point,  which 
is    required  for   constructioi,   of  the   Iroquois   Eam,   point  Rockway  Canal 
and  for  the  dredging   operations, 

(4)      From  Iroquois   Dam  to  the  -westerly  limits   of  the   pro- 
posed project  at  Chimney  point.  Mile   77,5  to  Mile   68,  field  surveys 
heve  been  completed.      Appraisals  have  been  cor.pleted  for   the    Sparrov.- 
hawk  Point   Construction  Area,      Plat  maps   and   legal   descriptions  have 
not  been  prepared  for  the  mainland  area  west  of  Sparrowhawk  Point  because 
taking   lines  were  not  established.     Considerable    land  for  spoil  areas 
must  be  acquired  in  this  reach, 

16,      CONCR£TE  AGGREGATE.-     a.      General,-     Investigations   and 
studies   pertaining   to    sources,    quality  tests,    and   special  ar  plications 
of  materials  ivere  undertaken.      Initially,   tentative   specifications   for 
ma+erif:ls  were   set  up  based   on  available  information  and    current   stand- 
ards,  folloi'.ed  by  investigations  \vith   a  view  to   selection  of  more  de- 
sirable materials,   or  methods  which  could   be   substituted.      It   is 
estimated  that  the   principal   structures   of  the  proposed   St.   Lawrence 
"Piver  project  will   contain  approximately  4,500,000  cubic  yards    of  con- 
crete, v/hich  will   require    2,500,000  tons   of   sand  and   5,500,000  tons   of 
coarse  aggregate,     A  tabulation  given  in  paragraph  1-03  of   the  concrete 
aggregate   specifications  in  the   supply  contract.  Appendix  C,    shows   the 
breakdown  of  the  quantities   and    the  tonnage   of  both  fine  and    coarse 
aggregates    required  for  each  major  feature   of   ccr.s  tructior.      The  dctms  , 
powerhouses,   lock  walls   and   other  important  features,   should  be   con- 
structed for  long   life  notv/ithstanding   their  exposure   to  severe   climat- 
ic  conditions.      Therefore,  materials   of  best   quality  are  required.     Fac- 
tors which  determined  the    scope  of  the  aggregate  investigations  ^-ere 
the   quantity  of  material   required,  the  high  standard   of  quality  neces- 
sary to  prepuce   durable   concrete,   and  the    lack  of  adequate   service   re- 
cords for  most   of  the  materials  available  within  the  district,      jixplora- 
tions  for  locating  sources  of  supply  for  these  materials  were  started 
in  January   1941,  and  continued  until  December  1941,     The  geology  of  the 
overburden  and  bedrock  in  the  region  is  given  in  paragraph  6,     In  addi- 
tion,  significant  geologic,  mineralogic,  and  economic  data  pertaining 
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to  major  individual  deposits  of  material  which  may  be  suitable  for  con- 
crete aggregate  are  given  under  "Concrete  Aggrsgate  Investigation"  in 
Appendix  C,  Brief  discussions  of  the  status  of  the  xvorl:  and  the  signi*. 
ficanoe  of  the . information  obtained,  together  with  recommendations  re- 
garding further  disposition  of  the  problems,  follow, 

b.   Field  Reconnaissance,*  The  materials  sui*vey  was  started 
by  inquiries  regarding  aggregate  deposits  from  neighboring  United  States 
Engineer  Districts,  state  and  county  highway  engineers,  the  Canadian 
Department  of  Public  Y/orks,  and  many  commercial  agencies  in  New  York 
and  Canada,   The  data  obtained  were  supplemented  by  interviews,  personal 
investigations  and  inspections  of  all  aggregate  deposits  reported  by 
the  aforementioned  agencies.  Field  reconnaissance  was  also  made  in  the 
region  bordering  the  St,  Lawrence  River  within  the  project  area.   The 
eTploretions  were  extended  to  cover  Canadian  sources  from  Kingston  and 
Perth,  Ontario,  on  the  west  to  Montreal  and  Joliette,  Cuebeo,  on  the 
east}  and  in  New  York  State,  the  explorations  were  carried  out  as  far 
as  Oswego  and  Bjoonvllle  on  the  southwest  and  Saranac  Lake,  Lyon  Mountain 
and  Owls  Head  on  the  southeast.  The  sand  and  gravel  deposits  and  rock 
outcrops  located  in  the  United  States  and  in  Canada,  are  shown  on  Quad- 
rangle maps  S-A-3/5  to  S-A-.'^/36  under  "Concrete  Aggregate  Invertigation" 
in  Appendix  C,   Drawing  S-A-S/l,  showing  drilling  and  seismic  explora- 
tions for  quarry  sites  at  luille  Roches,  Ontario;  Knapp Station,  New  York; 
and  on  -the  St.  Regis  Indian  Reservation,  and  Drawing  S-A-3/2,  showing 
test  pits  and  auger  borings  in  a  sand  and  gravel  deposit  at  Owls  Head, 
Kew  York,  are  included  in  Appendix  B-1.  Samples  were  taken  of  all  depos- 
its which  appeared  suitable  for  coi'crete  aggregates  and,  where  warranted, 
the  samples  were  submitted  to  the  U.S. Engineer  Central  Concrete  Labora- 
tory at  '^est  Foint,  New  York,  for  testing.   Field  inspection  reports, 
giving  pertinent  data  regarding  each  of  the  deposits  investigated  in 
the  United  States  and  in  Canada,  are  in  the  District  Files  SCM-G-3/l  and 
3/2,  Typical  examples  of  the  field  inspection  reports  are  given  under 
"Concrete  Aggregate  Investigation"  in  Appendix  C.   A  copy  of  a  memoran- 
dum to  G.  A.  Lindsay,  Chairman,  Canadian  Temporary  Great  Lakes  -  3t, 
Lawrence  Basin  Committee,  covering  some  of  the  possible  sources  of  con- 
crete aggregate  in  Canada,  investigated  by  Mr.  E.  Viens  and  Miss  A.  E, 
Wilson  of  the  Department  of  Public  ?rorks  and  the  Geologic  Survey  is  in- 
cluded under  "Concrete  Aggregate  Investigation"  in  Appendix  C.  The 
material  in  deposits  investiga+ed  was  first  given  a  visual  examTnafcion 
to  determine  the  gradation  of  the  particles;  the  presence  or  absence  of 
silt,  shale,  disintegrated  store,  fossils,  and  shells;  the  cementing 
medium;  shape  of  particles;  and  the  probable  origin  of  the  material  « 
If  the  material  appeared  favorable,  an  estimate  of  probable  quantities 
was  prepared  based  on  rough  measurements  e.nd  geological  conditions.   In- 
quiries regarding  former  production  and  uses  of  the  material  were  made 
of  local  parties  euid  the  transportation  facilities  and  possibilities 
for  processing  were  considered.   Several  deposits  were  found  which  con- 
tained sufficient  material  to  warrant  detailed  investigations.  These 
deposits  consisted  of  four  distinct  typesx   (1)  natural  sand  and  gravel, 
(2)  dolomite  rock,  (3)  limestone  rock,  and  (4)  iron  ore  tailings,  A 
brief  resume  of  the  results  of  the  field  explorations  for  er.r.h   deposit 
and  its  locntion  is  given  under  "Concrete  Aggregate  Investigation"  in 
Appendix  C,   The  results  of  standard  laboratory  tests  of  fine  and  coarse 
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materials  tested  at  the  Central  Concrete  Laboratory,  West  Point,  New 
York,  are  included  in  Tables  S-A-3/3  and  S-A-3/4  under  "Concrete  Aggre- 
gate Investigation"  in  Appendix  C.   The  investigations  made  have  covered 
nearly  all  of  the  promising  deposits  within  this  territory  and  very 
little  further  search  is  deemed  necessary, 

0.   Sources  of  Acceptable  Concrete  Aggregate,-  The  most  favor- 
able sources,  as  obtained  from  the  investigation,  for  concrete  aggregate, 
■which  meet  the  requirements  of  current  specifications,  are  summarised  in 
the  following  table: 

TABLE  1  -  SOURCES  OF  CONCRETE  AGGREGATE 


Type  of 
Mat  er  ial 


Location 


Dolomite*:  2  miles  north 
of  Nor^'ood, 
:N.Y. ,  Pit  No. 
,8 

• 

Dolomite*: Near   Knapp 

Sta+ion  N.Y. , 
Pit  No.    30 


Approximate 
Quantity  of 
Material 
Available 
Unlimited 


T  r  ans  por  ta  ti  on 
Available 


15  miles  by  F.Y.C.R.R.  to  Mas- 
sena,  N.Y. 


10  miles  by  N.Y.C.R.R,  to  Mas. 
sena,  N.Y. 


57  miles  by  N.Y.C.R.R.  to  Mas- 
sena,  N.Y.   Approximately  45 
miles  by  barge. 


10  miles  by  Grand  Trunk  R.R. 
to  Massena,  N.  Y,  6  miles  by 
N,Y»C,R.R,  to  Corxurall  Junc- 
tion, Canada. 

At  site 


Dolomite* 


Dolomite* 


Dolomite* 


LiDie- 
stone** 


Natural 
Sand 


Natural 
Sand  and 


In  Village  of 
Ogdensburg, 
N.Y. ,  Pit  No. 
904 

1^  miles 
northwest  of 
Helena, N.Y., 
Pit  No. 108 

Point  Roolcway 
Canal  Site, 
Pit  No.  805 


1  mile  north 
of  Mi  lie  Roc- 
hes, Ontario 

10  miles 
northeast  of 
Joliette,Que, 

In  Village  of 
Owls  Bead, 


Unlimited 


Unlimited 


Unlimited 


Sufficient 
for  works 
in  vicin- 
ity of  Pt. 
Rockway, 
N.Y. 

Unlimited 


Unlimited 


4,000,000 
cu.yds.of 


5  miles  by  Canadian  National 
R.R.  to  Cornwall  Junction. 


125  miles  by  Canadian  Nation- 
al R.R,  to  Cornwall,  Ont. 


61  miles  by  N.Y.C.R,R.  and  Rut- 
land  R.R,  to  Massena,  N.Y. 
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TABLE  1  -  SOURCES  OF  CONCRETE  AGGREGATE 
(oont*d) 


I  Gravel 

t 

I 

t 

I 

9t  Natural 

t  Sand 
t 
t 
t 

10:  Natural 
tSand 
t 
t 

f 


N.Y.,  Pit  NO. I 

1501 


1^  miles  south 
of  Crogham,  t 
N.Y.,  Pit  No.i 
5201  t 
t 
1^  miles  south 
of  Boonville,t 
N.Y.,  Pit.  No. 
7700        t 


sand. 

2  ,000 ,000 

cu.yds.of 

gravel 

Unlimited 


Unlimited 


102  miles  by  N.Y.C.R.R.  to  Mas. 
sena,  N.Y. 


126  miles  by  N.Y.C.R.R.  to  Mas- 
sena.  N.Y. 


♦Souroe  for  both  fine  and  coarse  crushed 
aggregate, 
♦♦Source  for  coarse  aggregate  only. 

Other  sources  of  possible  merit  for  concrete  aggregates  are  shown  in 
Table  2.   Investigations  of  these  deposits  have  not  been  completed  be- 
cause of  the  variable  nature  of  the  deposit,  \anfavorable  location,  inac- 
cessibility, and  ttie  similarity  of  the  material  to  other  materials  which 
had  le  en  included  in  special  studies.  Future  developments  influencing 
these  factors  might  justify  further  consideration  and  subsequent  detail. 
ed  investigation. 

TABLE  2 

OTHER  POSSIBLE  SOURCES  OF  CONCRETE  AGGREGATES 


No. 


lype  of 
Material 


;  Approximate 
Location     : Quantity  of 
Material 
Available 


Transportation 
Available 


44  miles  by  Canadian  Nat  ional"" 
R.R.   to  Cornwall  Junction,  Ont< 


44  miles  by  Canadian  National 
R.R.   to  Cornwall  Junotion^Ont. 

No  railroad  facilities. 


Approximately  70  miles  by  barge 
to  Cornwall,  Ont, 


Dolomite 


Dolomite 


Lime- 
stone 


Natura 1 
Sand 


Railroad 
quarxy  in 
Pre8cott,0nt 

Windmill 
Point,  Ont . 

3  miles 
north  of 
Cornwall, Ont 

8  miles 
northeast  of 
Oka,  Que. 


Unlimited 


Unlimited 


Unlimited 


1,000,000 
tons 


-43. 


6 


TAi3LE  2 
OTPER  POSSIBLE   SOURC;-;S   OF  COFCPETE   AGGREGATES 

(cont'd) 


5   {Natural:    Fear  Tillage   of:    Unknown  but;    Approximately  135  miles   by 
iSand        :    St.    Felix  de        :    probably       :    rail   from  Massena,   K.Y. 
I    Valois,   Oue.        :    large  : 


Trou   ore  In  Village    of     t 


;Tail- 
ings 


Lyon  Mountain, 
N.Y.,  Pit   No, 
1600 


Natural 
Sand 


Natural 
Sand 


3/4  mile  west    of 
Village   of  San- 
ta  Clara, N.Y, 
Pit  No,    1401 


1  mile  south- 
west  of  Village 
of  Brier  Hill, 
N.Y,,  Pit   No, 
900 


20,000,000  :    85  miles  by  Delaware  &  Hudson, 

tons   of  :    N.Y.C.,  and  Rutland  R.R,    to 

fine  aggre-:   Massena,   N.Y. 

gate,  ; 

500,000  tons 

of  coarse     : 

aggregate      : 


sufficient    : 
fine  ag^re-: 
gate   for        : 
the   St, Law- 
rence  River 
Project. 

500,000  cu. 
yds. 


36  miles  by  hi^way  to  Mass- 
ena, N,Y,  No  railroad  facili- 
ties 


74  miles  by  N,Y,C,R.R,  to  Mas- 
sena, N,Y, ,  or  35  miles  by 
barge  to  Point  Rockway,  N.Y, 


Materials  from  other  possible  sources  should  be  considered  and  tested 
when  submitted  for  approval, 

d.  Method  of  Purchase, - 


(1)   In  view  of  the  large  quantity  of  aggregates  required 
and  the  high  rate  of  delivery,  it  is  believed  that  it  will  be  advantage- 
ous to  purchase  these  materials  on  supply  contract  for  delivery  at  the 
site  of  the  work.  However,  it  might  be  advantageous  for  contractors  to 
furnish  the  aggregates  at  the  Point  Rockway  Canal,  Iroquois  Dam,  and 
miscellaneous  temporary  struotunss.  The  dolomite  rock  to  be  excavated 
froir  the  Point  Rockway  Canal  is  believed  to  be  of  satisfactory  quality 
and  the  quantity  will  be  sufficient  to  supply  aggregates  for  both  the 
dam  ard  the  navigation  lock  at  that  locality.   The  contract  form  for 
supplying  aggregate,  including  the  detailed  requirements  and  specifica- 
tions, together  with  an  explanation  of  the  special  features  of  the  tech- 
nical requirements,  and  details  of  the  invitation  for  bids  and  general 
provisions  is  given  under  "Concrete  Aggregate  Supply  Specifications" 
in  Appendix  C. 

(2)  The  concrete  ag£regate  specifications  were  prepared 
in  accordance  with  the  Standard  Federal  Specifications  with  minor  modi- 
fications to  meet  the  special  conditions  existing  at  the  location  of 
the  proposed  project,   ^e  specifications  permit  the  use  of  the  best 
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quality  aggregates  only,  and  require  that  they  be  properly  graded  from 
the  maximum  sise  in  the  ooarse  fraction  to  No.  200  sieve  in  the  sand 
fraction.  In  general,  aggregates  of  6-inoh  maximum  sire  are  specified 
for  use  in  massive  concrete  sections,  while  aggregates  of  various  sizes 
up  to  and  including  3-inch  and  1^-inoh  maximvm  sites,  are  specified  for 
those  sections  where  the  larger  sizes  could  not  be  advantageously  used. 

e.   Influence  of  Aggregate  on  Durability  of  Existing  Concrete 
StruoturesT-  Evaluation  of  the  influence  of  aggregates  on  the  durabili- 
ty of  existing  concrete  structures  was  an  important  part  of  the  inves- 
tigation.  Particular  attention  was  given  to  the  resistance  to  weather- 
ing of  concrete  in  hydraulic  structures,  which  contained  materials  ob- 
taired  in  this  region  or  similar  material  obtained  elsewhere.   Several 
examples  of  disintegrated  concrete  were  traced  to  the  unsoundness  of 
the  ooarse  aggregates.  Reports  covering  investigations  of  several 
structures  are  in  the  District  File  SCM-H-3/4.1.   The  most  important 
concerned  the  Prescott  Grain  Elevator,  Prescott,  Ontarioi  the  Powerhouse, 
Aluminum  Company  of  America,  Massena,  New  York;  and  the  Beauharnois 
Power  Project,  Beauharnois,  Quebec.   The  results  of  the  investigations 
at  these  and  other  structures  outside  the  area  are  discussed  below, 

(1)  Prescott  Grain  Elevator.-  The  aggregate  used  in  the 
Prescott  elevator  was  reported  to  have  come  from  Grenadier  Island  and 

to  have  been  used  in  a  "pit-run"  condition.   Examination  of  the  weather- 
ed dolomite,  or  ^mudrock",  which  constitutes  approximately  3.5  per  cent 
by  weight  of  the  Grenadier  Island  gravels  and  a  petrographic  analysis 
of  the  rock  taken  from  the  apex  of  two  small  "pop-cuts"  in  the  concrete 
of  the  elevator,  indicated  that  the  two  materials  were  very  similar. 
The  pebbles  appeared  to  be  a  calcareous  mudrook  in  various  degrees  of 
consolidation,  which  absorbed  water  very  rapidly  and  disintegrated  read- 
ily when  immersed.   The  high  porosity  makes  this  type  of  rock  very  sus- 
ceptible to  failure  when  subjected  to  freezing  ard  thawing, 

(2)  Powerhouse,  Alva&inum  Company  of  America,  MassexB, 
New  York.-  The  original  powerhouse  was  built  in  1896  and  enlarged  dur- 
ing 1912  and  1S13.   The  source  of  the  materials  used  in  the  concrete 
could  not  be  definitely  determined  as  no  records  were  available.  How- 
ever, it  is  reported  that  crushed  dolomite  was  used  as  coarse  aggregate 
in  the  ortginal  powerhouse,  and  bank  run  sand  and  gravel  from  the  vici- 
nity of  Potsdam,  New  York  in  the  enlarged  portion.   The  concrete  of  the 
new  part  is  badly  disintegrated,  obviously  due  to  a  high  percentage  of 
unsound  sedimentary  rock  in  the  aggregate j  while  the  concrete  in  the 
original  structure,  in  which  crushed  dolomite  was  used,  appears  to  be 
in  much  better  condition, 

(3)  Beauhomois  Pwver  Project,  Beauharnois,  Qxjebec- 
Constructior  was  started  in  1929.  and  the  plent  was  placed  in  operation 
in  19?2,  Potsdam  sandstone  was  used  in  the  concrete  for  both  fine  and 
coarse  aggregate.   The  rock  was  supplied  from  the  areas  excavated  for 
the  powerhouse  and  tailrace  and  was  crushed  near  the  site  of  the  pro- 
ject.  The  concrete,  inspected  in  1941,  appeared  to  be  in  good  condition, 
which  indicates  that  this  type  of  material  is  satisfactory  for  use  in 
concrete, 

-45- 


(4)     Other  Structures,-     Inspections  were  made  of  a  few 
large  concrete  structures  located  at  points   outside  the  area,  including 
Chute-a->Caron  Dom  at   Arvlda,  Quebec;  Norrls   Dam,  Eiwassee   Dam,  and   sev- 
eral other   structures   located  in  Tennessee  and  neighboring  states. 
Considerable   information  was  gathered  which  shows  the  effect  on  the  life 
and  quality  of  the  concrete,  of  special  types   of  aggregates,  aggregate 
gradations,   concrete  mix  design  and  methods   of  placing,     A  memorandum 
giving  complete  details  of  these  observations   is  in  the  District  Pile 
SCM-H-3/4.1, 

f.      Special   Tests,-     In  the  preliminary  investigations  of 
concrete  aggregate,  the  magnesium  sulphate  accelerated  sotmdness  test 
was  employed  to  determine   the   quality  of  material  found  in  nvmerous  de- 
posits in  the  vicini-ty  of  the  proposed  St,   Lawrence  River  project.     The 
results   of  this  test     are  considered  indicative   only  and  not   a  final 
criterion  of  durability.     Therefore,  freezing  and  thawing  tests   on  con- 
crete  specimens  coribaining  these  materials  were  made.     Three  series   of 
freezing  and  thawing  tests  were  made. 

(1)  Series  A,-     Representative  materials  from  four  of  the 
larger  sources   of  supply  were  included  in  -Oiis  group  of  tests.     Twenty- 
four  6"  T  6"  X  48"  concrete  columns  were  made   of  these  materials;    twelve 
for  freezing  and  thscwing  on  exposure  racks  at   Bastport,  Maine,  and  twelve 
for  use  as  caatrol    specimens.      Resistance  to  freezing  and  thawing  was 
measured  by  the  sonic  method  and  by  visual  inspection. 

(2)  Series  B.-     Materials   frcaa  three  of  the  sources  in- 
cluded in  Series  A  and  others  from  three  additional   sources  were  used 
for  this  sertes  of  tests.      Ihirty-six  3^"  x  4|^*  x  16"  concrete  beams 
were  made;   eighteen  for  laboratory  freezing  and  thawing   tests  and  the 
remainder  for  control  specimens.     Resistance   to  freezing  and   thawing 
was  evaluated  on  the  basis   of  sonic  modulus  and  flexural  strength  tests. 

(3)  Series  C-     The  tests  in  this   series  were  made  to  de- 
termine the   relative  duirability  of  various  natural    and  meuiufactured 
sands  when  used  with  dolomite  coarse  aggregate.     Each   fine  aggregate 
selected  for  the   tests  represented  either  a  large  single  deposit  or  a 
group  of  deposits.      Ten  3-5/8"  x  4§"  x  18"  beams  were  made  for  each 

of  nine  fine  aggregate   combinations  tested;    forty- five  were  subjected 
to  freezing  and  thawing  tests  on  exposure  racks  at  Massem,  New  York^ 
and  the    ranainder  used  as  control  specimens.     The    latter  were  tested  in 
flexure  at  28-day  age  for  comparison  with  similar  tests  to  be  made  on 
the  former  group,  following  60   cycles  of  freezing  and  thawing.      Detailed 
descriptions   of  the  procedures  and  methods,  and  the  tabulation  of  re- 
sults are  given  under  "Concrete  Aggregate  Investigation"  in  Appendix  C, 
The   conclusions   derived  from  these  results  are  given  in  subparagraph 

(4)  Other   Tests,-     In  addition  to  the    durability  tests, 
special   studies  were  made   on  aggregates   from  the  aforementioned  sources. 
These  included  tests  for  staining,    crazing,  alkali   reactivi-ty,  head 
diffusivity,  relative  mixture   econony,   flexural   and   compressive   strength, 
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bleedirp  tendencies,  and  density.  The  test  procedure  used  and  the  re- 
sults obtained  are  given  under  "Concrete  Aggregate  Investigation"  in 
Appendix  C.  In  addition  to  the  aforementioned,  the  freezing  and  thawing 
tests  on  crushed  rook  of  various  sizes  to  2  inches  maximum,  from  the 
Northern  Quarries  and  the  Mille  Poches  Quarries,  were  subjected  to  25 
cycles  of  freezing  and  thawing  in  an  evacuated-saturated  condition.  Also 
96  dolomite  core  samples  of  2-inch  diameter  and  varying  in  length  from 
2.5  to  13  inches,  obtained  from  core  holes  along  the  Point  Rookway  Canal 
and  59  limestone  core  samples  of  similar  dimensions,  obtained  from  Mille 
Roches  Quarries,  were  subjected  to  34  cycles  of  freezing  and  thawing. 
The  description  of  the  test  procedure,  weight  determinations,  photogr^hs 
of  core  samples  before  and  after  freezing  and  thawing  are  in  the  Dis- 
trict File  SCM-P-3/l, 

g.   Conclusions  and  Reconanendations.- 

(1)  Coarse  Aggregate,-  Comparison  of  the  results  of  the 
exposure  tests  at  Treat  Island,  Maine,  and  the  laboratory  freezing  aid 
thawing  tests  on  beams  sho?/ed  that  the  beams  in  which  natural  gravel  v;as 
used  as  aggregate  were  decidedly  inferior  to  those  in  which  crushed  stone 
aggregates  were  used.  The  tes+s  gave  no  indications  that  any  of  the 
three  crushed  rock  coarse  aggregates  used  (dolomite,  limestone  and  Lyon 
Mount c in  syenite)  had  an  unfavorable  effect  on  the  concrete,  or  that 

any  one  of  the  three  was  superior  to  the  others.   The  accelerated  freez- 
ing; and  thawing  of  saturated  samples  of  the  iieekmantown  dolomite  and 
the  Black  P.iver  limestone,  not  confined  in  concrete,  showed  both  of  these 
materials  to  be  amply  resistant  to  this  type  of  exposure.   The  test  ca\?s- 
ed  no  appreciable  failure  either  in  the  crushed  particles  or  in  the 
drilled  cores.  Based  on  irformation  derived  from  the  various  tests, 
field  inspections  and  geological  studies,  it  appears  unlikely  that  any 
satisfactory  natural  gravel  for  use  as  coarse  aggregate  for  the  major 
features  of  the  project,  will  be  foimd  within  economical  transportation 
distance  of  the  proposed  project.  However,  it  is  recommended  that  pro- 
visions permitting  the  use  of  gravel,  contingent  upon  approval  after 
thorough  tests,  be  retained  in  the  specifications.  The  Black  River  liirie- 
stone  was  found  to  be  sfiitisfactory  for  use  as  coarse  aggregate.  Because 
of  the  solubility  of  the  finer  sizes  of  this  material,  it  was  not  con- 
sidered acceptable  for  use  as  fine  aggregate, 

(2)  Fine  Aggregate,-  The  natural  sands  found  in  beaches 
and  bars  within  50  miles  of  the  proposed  project  contain  a  high  percen- 
tage of  deleterious  material.  Magnesium  sulphate  accelerated  soundness 
tests  on  these  sards  showed  losses  greater  than  the  specified  limit. 
Sand  fron  kames  and  deltas  located  near  Malone,  New  York,  and  on  Grena- 
dier Island  also  were  found  unsatisfactory.  Satisfaotory  natural  sand 
has  been  found  in  large  deltas  located  near  Lowville,  New  York,  and  at 
Joliette,  Quebec,  ^"hile  it  has  not  been  proved  that  the  unsoundness  of 
the  sand  from  some  of  these  deposits,  as  indicated  by  the  magnesium 
sulphate  tests,  will  seriously  affect  the  durability  of  conorete  in  which 
they  are  used,  it  would  be  un?cise  to  accept  them  without  further  investi- 
gation. Additional  freezing  and  thawing  tests  should  be  made  for  firal 
decision  regarding  their  suitability.   The  studies  of  fine  a^-^gregate 
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consisting  of  crushed  dolomite  definitely  showed  that  this  material  is 
entirely  satisfactory  with  respect  to  the  strength  and  durability  of 
the  concrete.  Substitution  of  the  crushed  fine  aggregate  for  natural 
sand  may  necessitate  the  use  of  some  additional  cement  to  produce  the 
required  workability.  However,  the  high  strength  and  durability  of  con- 
crete made  with  the  dolomite  fine  and  coarse  aggregate  indicate  that  a 
larger  water  content  would  be  permissible,  thus  reducing  the  ajnount  of 
additional  cement  required.  Improvement  in  particle  shape  and  gradation 
which  may  be  obtained  as  the  work  progresses  may  increase  the  workabil- 
ity to  such  an  extent  that  no  additional  cement  will  be  required.   Iron 
ore  tailings (crushed  syenite  from  Lyon  Mountain)  appeared  from  strength 
and  durability  tests  to  be  as  satisfactory  as  the  crushed  dolomite  for 
use  as  fire  aggregate,  but  the  foregoing  cemments  on  workability  are 
also  eppli cable  to  this  n^terial.  Studies  of  alkali  reactivity  of  this 
material  and  other  aggregates  included  in  thf s  investigation,  showed 
no  deleterious  results,   A  significant  fact  brought  out  by  the  labora- 
tory studies  was  that  the  concrete  in  which  all  of  the  agj;regates  were 
of  the  same  type  of  stone,  or  mineral,  showed  higher  flexural  strength 
and  greater  resistance  to  deterioration  by  freezing  and  thav/ing,  thm. 
concrete  in  which  mixed  aggregates  were  used.  This  was  true  for  the 
columns  tested  at  Treat  Islend,  Mair^e,  in  which  the  Lyon  Mountain  sye- 
nite was  used,  as  well  as  for  all  specimens  in  which  cross  mixtures  of 
crushed  dolomite  and  limestone  fine  and  coarse  aggregates  were  used. 
This  fact  conforms  to  the  theory  that  uniformity  in  respect  to  physicd 
properties,  such  as  thermal  coefficient  and  modulus  of  elasticitj'"^  in 
structural  concrete  is  a  factor  which  should  be  considered  in  the  selec- 
tion of  materials.  However,  the  tests  which  have  been  made  on  this  sub- 
ject are  very  limited  and  further  tests  are  necessary  before  definite 
conclusions  are  established.  Certainly  the  manufacture  of  concrete  us- 
ing crushed  limestone  as  coarse  aggregate  and  crushed  dolomite  as  fine 
aggregate,  should  not  be  permitted  without  extensive  additional  investi- 
gation, 

(3)  Additional  Investigation,-  It  is  recommended  that 
additional  tests  of  various  combinations  of  coarse  ajad  fine  aggregate  as 
outlined  voider  "Concrete  Aggregate  Investigation"  in  Appendix  C  be  made, 

17,  CEMEKT  INVESTIGATIOKS.-  a.  Several  factors  govern  the  selec- 
tion of  the  type  of  cemert  for  use  Tn  mass  concrete.   The  special  pro- 
perties which  the  cement  should  possess,  in  addition  to  normal  require- 
ments, ares   (l)   low  heat  generation;  (2)  high  degree  of  workability 
in  concrete;  (3)  good  water  retentiveness;  (4)  low  coefficient  of  expan- 
sion; and  (5)  a  high  degree  of  resistance  to  weathering,  Portland  ce- 
ment made  according  to  Federal  Specifications  SS-C-206a  Moderate-Heat -of. 
Hardening  Cement,  has  been  used  in  many  locks  and  dams,  aiad,  in  the 
majority  of  cases,  has  proved  to  be  satisfactory.   Nevertheless,  it  is 
believed  that  consideration  should  be  given  to  new  types  of  cement  which 
have  been  developed,  as,  for  example,  cement  treated  with  Vinsol-resin, 
which  reportedly  produces  concrete  having  greater  plasticity  and  worka- 
bility, less  tendency  to  bleed  and  greater  resistance  to  freezing  and 
thawing,   A  limited  nimber  of  tests  on  concrete  made  with  Vinsol-resih 
cement  were  conducted  at  West  Point ,  New  York,  and  at  Eastport,  Maine, 
including  the  testing  of  6"  x  6"  x  48"  concrete  beams  by  freezing  and 
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thawing,  for  flexural  strength,  and  for  density.     In  addition,   6"  x  12* 
oonorete  cylinders  were  tested  for  compressive  strength  and  heat    diffusi- 
bility.      The  results   of  these  tests  are  shown  under   "Concrete  Investiga- 
tion" in  Appendix  C, 

b*     Flood  walls,  drop  structures,    and   airport  nunvays  in  the 
Binghainton~tJnited   States   Engineer  District,  where  Vinsol-resin  cement  was 
being  used  were  inspected.     It  was   reported  that  the  chief  reasons   for 
adopting  this  cement  were  to   overcome  bleeding  of  the  concrete,    to  pro- 
vide more  workable  mixes,  and  to  produce  a  more   satisfactory  surface. 
Observations  of  operations  indicated  that  the  use  of  treated  cement 
practically  eliminated  water-gain  and  reduced  segregation  even  when  a 
high  slump  concrete  was  used,      ^  examination  of  the  surface   of   completed 
structures  revealed  no  marked  improvement,   except  that    sand  streaking 
was  eliminated.     It  was  reported  that  the   addition  of  a  small  amount  of 
Vinsol-resin  resulted  in  a  small   reduction  of  compressive  strength.     The 
use  of  Vinsol-res-in  cement  has   caused  no  major  change  in  the  placing 
technique,  except   that  finishing  operations   on  the   top  of  walls  and  slabs 
oan  taks  place  almost  immediately  after  the   concrete   is  struck  off. 
This  oement   tends  to  diminish  or  perhaps  to  obscure  any  undesirable   ef- 
fect that  may  result  from  overvibration, 

c.     Detailed  reports  on  treated  cement  were  obtained  from 
Mr,  If,  A,  ^ayee.   Director  of  Research,  Lone  Steu*   Cement   Corporation, 
Hudson,  Kew  York,  and  the  Portland  Cement  Association,  Chicago,   Illinois, 
These  reports  concluded  -that  addition  of  natural  resins  to  cement  pro- 
duces  concrete  of  greater  durability,  less  penneability,  improved  worka- 
bility, and  reduced  bleeding,  but  less   strength,  and  that  the   optimum 
quantity  to  be   added  is  from  0,02  to  0,03  per  cent.      Although  some  very 
favorable   results   have  been  obtained  in  laboratory  tests  and  certain 
types   of  ccnstruction  involving  Vinsol-resin  cement,   it  is  believed  that 
further  investigation  should  be  made  before   its  use   is    specified  for  the 
locks  and  dams    of   tiie  proposed  project.      One  phase   of  such  investigation 
should  be  a  study   of  the   relative  durability  of  ccncrete   in  which  treat- 
ed and  untreated  cements  are  used.     The   study  should   include  tests   in  a 
continuously  saturated  condition  of  freezing  and  thawing  of  lean  mixtures 
of  vibrated   concrete,  cured  wet.      This   condition  would  simulate  the  ex- 
posure conditions  of  the   concrete  at  the  water  line   on  look  and   dam 
structures.      As  a  result  of   "the  foregoing  studies,   it  is   recommended 
that  the   standard  Mode rat e-Heat-of -Hardening  Cement,   Federal   Specifica- 
tions SS-C-206a,  be  used  in  the  initial  stage   of  constiruotion,  unless 
it  is   definitely  established  that  treated  cement  is   satisfactory  in  all 
respects* 

18.     ABSORPTIVE  FORM  LINING,-     a^.      The  fact  that  the  concrete  in 
the   structures   of  the  proposed   3t,    LaiTrence  River  project  should  be  es- 
pecially resistant  to  weathering  and  erosion  led  to   consideration  of  the 
use  of  absorptive  form  lining  for  producing  more  durable   surfaces.      The 
appearance  of  the   concrete  as  a  result   of  the  use   of  absorptive   form 
lining  was  not  a  consideration  in  detennining  its  use.     Reports  of  in- 
vestigations  of  absorptive  form  linings  were  obtained  from  the  Bureau  of 
Reclamation,  the    Tennessee  Valley   Authori'H'',  and   the  Binghamton   Sngineer 
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District,  All  the  reports  recommended  absorptive  form  linings  and  gave 
evidence  of  increased  durability,  higher  strength,  greater  resistance  to 
abrasion  and  improved  surface  texture  from  its  use. 

b.   During  the  tests  of  concrete  made  with  various  aggregates 
from  this  region,  a  limited  number  of  concrete  specimens  were  prepared 
using  absorptive  form  lining.   The  results  are  shown  under  "Concrete 
Aggregate  Investigation"  in  Appendix  C,  In  accordance  with  the  results 
of  these  tests  and  favorable  reports  from  other  investigations,  absorp- 
tive form  lining  has  been  specified  for  use  on  forms  for  all  surfaces 
of  concrete  in  structures  of  the  proposed  St.  Lawrence  River  project 
which  will  be  exposed  after  the  work  is  conpleted.  Details  regarding 
the  use  of  absorptive  form  lining  are  given  in  the  specifications  for 
Long  Sault  Dam  in  Appendix  111-22(2), 

19.  TEMPERATURE  AUD  VOLUME  CHANGE  STUDIES  IK  MASS  CONCRETE. - 

A  limited  study  was  made  of  problems  pertaining  to  temperature  control 
and  surface  cracking  in  mass  concrete  structures.   Detailed  requirements 
for  reduction  of  cracking  of  the  concrete  are  contained  in  paragraphs 
6-08(d),  5-09(d),  5-09(f),  5-09(h),  5-09(i),  and  5-11  of  the  specifica- 
tions for  Long  Sault  Dam,  Appendix  111-22(2), 

20.  STUDY  OF  PROTECTIVE  COATINGS  FOR  FERROUS  METAL.-  a_.   A  pre- 
liminary study  of  paint  problems  involved  in  the  protection  of  ferrous 
metals  was  made,  and  consideration  was  given  to  the  availability  of 
paint  rr.aterials  which  would  best  meet  the  existing  conditions.   The 
major  requisite  of  the  protective  coating  was  considered  to  be  ability 
to  resist  extreme  ranges  in  temperature,  strong  sunlight,  floating  ice 
and  debris,  continuous  and  occasional  submergence,  and  wave  action,  Re- 
ootrjnenda-^ions  were  solicited  from  various  governmental  and  industrial 
agencies  in  order  to  benefit  from  their  experience  with  coatings  under 
similar  conditions.  Information  was  obtained  from  the  Tennessee  Valley 
Authority;  the  Pittsburgh  Engineer  District;  the  Upper  Mississippi  Valley 
Engineer  Division;  the  Rook  Island  Engineer  District;  Mr,  a«  K,  Light, 
Chief  Paint  Chemist,  Bureau  of  Public  Works ,  Ottawa,  Canada;  and  Dr. 
Frank  K,  Speller,  Metallurgical  Consultant  for  the  third  set  of  locks 

at  Panama,   The  data  from  these  sources  indicated  that  the  most  satis- 
factory vehicle  for  the  proposed  project  would  be  a  varnish  prepared 
from  chinawood  oil  and  pheno-f ormaldehyde  resin.  The  pigments  recommend- 
ed for  use  with  this  vehicle  were  generally  either  aluminum  or  zinc  dust 
with  small  amounts  of  various  other  pigments,  Bittanastlo  coatings  re- 
ceived both  favorable  and  unfavorable  comment  from  many  sources, 

b.  In  order  to  obtain  fvurther  data  pertaining  to  the  experi- 
ence of  hyTroeleotric  plants  located  in  northern  climates,  inspections 
were  made  of  the  plants  of  the  Beauhamois  Heat,  Light  and  Pov/er  Company, 
Beauhemois,  ouebec;  the  Gatineau  Heat,  Light  and  Power  Company,  Ottawa, 
Ontario;  and  the  Alcoa  Plant,  Massena,  New,  York,  Representatives  of 
these  companies  were,  generally,  in  favor  of  three  coats  of  red- Is  ad- 
linseed  oil  paint  for  the  protection  of  ferrous  metal  surfaces.  However, 
an  inspection  of  several  stinaotures  painted  with  the  red  lead  oil  system 
did  not  provide  evidence  of  satisfactory  protection.   In  view  of  these 
facts  and  in  consideration  of  the  probability  that  maxry   materials  used 
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in  paint  such  as  tung-oil,  aluminvim,  and  zino  oould  not  be  obtained  be- 
cause of  defense  priority,  the  jspecifioations  were  prepared  on  the  basis 
of  thorough  cleaning  of  the  metal,  phosphoric  acid  inhibition,  and 
application  of  four  ooats  of  sand-reinforoed  enamel.  The  detailed  re- 
quiremerits  of  the  specifications  are  contained  in  Seotioh  X,  Paints  and 
Painting,  of  the  specifications  for  Long  Sault  Dam,  Appendix  III-22(2)» 

c.   The  paint  formulae  used  in  the  specifications  are  similar 
to  those  recommended  by  the  Pittsburgh  and  Rock  Island  United  States  En- 
gineer Districts.   Substitution  of  certain  oils  and  pigments  was  made 
since  many  standard  materials  were  not  available  because  of  defense  pri- 
ority. It  is  recommended  that  availability  of  paint  materials  be  ascer- 
tained imnediately  te f ore  their  use  is  required.  Test  results  on  the 
metal  primer  paint  (synthetic  Red  Lead  Primer)  including  recommended  ad- 
justment of  the  formulae  are  in  District  File  SCM-G-3/6,   Aluminum  pig- 
ment mixed  in  a  IOO9S  china-wood  oil-phenolio  resin  varnish  is  considered 
most  desirable  for  use  as  primer  and  finish  coat,  but  this  paint  is  not 
available  at  this  time.  Tests  are  now  being  made  on  Looks  snd  Dame  in 
the  Upper  Mississippi  Valley  which  will  provide  information  concerning 
the  durability  of  paints  made  with  substitute  materials. 

21.  MATERIALS  TESTING  LABORATORY.-  In  view  of  the  magnitude  of 
the  project,  a  materials  testing  laboratory  at  the  site  will  be  necessary. 
Work  will  include  the  design  and  control  of  conorete  mixtures;  control 
and  acceptance  of  concrete  aggregates;  and  testing  of  all  other  materials 
of  con«ti-uction,  A  compilation  of  the  specifications  and  tentative  re- 
quisitions of  the  apparatus  and  equipment  are  in  District  File  SCM-V-S/O, 

22,   CRITERIA,-  General  criteria  for  guidance  in  developing  the 
general  plens  and  in  carrying  out  the  detailed  designs  were  established 
initially  and  were  modified  as  additional  i-nformation  was  obtained.   A 
general  discussion  of  the  principal  criteria  follows: 

a.  Exoavation  and  Embankment.- 

(1)   Excavation  Slopes,-  The  design  and  analysis  of  slopes 
varied  considers bly  according  to  the  problem  involved  and  experience  with 
similar  materials.   Stability  of  the  slopes  of  canals  and  cuts  in  firm 
materials  present  no  major  problems.   Ground  water  seepage  may  cause 
some  difficulty  at  a  few  locations,  however,  such  diffioul-ty  could  be 
easily  and  quickly  corrected  during  construction.  A  maximum  slope 
of  one  on  two  was  established  for  all  proposed  hydraulic  and  navigation 
outs  in  firm  material.   This  slope  will  reduce  bank  and  channel  mainte- 
nance to  a  minimum.   Design  val\;)es  for  exoavation  slopes  in  soft  material 
required  special  study.  Mathematical  analyses  were  made  for  all  slopes 
in  clay  using  the  shearing  strengths  obtained  from  the  laboratory  tests. 
Slopes  were  analyzed  by  several  different  methods  in  order  to  compare 
results.  However,  it  was  conoludad  that  the  •Circular  Aro  Method"  of 
analysis  was  the  most  applicable,  and  all  designs  were  based  on  results 
fr(Mn  this  method.  A  maximxaa  slope  of  one  on  two  was  established  for  per- 
nanent  excavation  in  clay  to  reduce  the  maintenance  resulting  from  minor 
failures  or  sloughing.  All  permanent  slopes  were  designed  with  a  factor 
of  safety  of  at  least  1.5,  a  value  sufflolently  conservative  to  eliminate 
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any  possibility  of  a  major  slide.  The  various  methods  of  analysis  and 
the  resulting  slopes  are  described  in  the  analyses  of  design  for  the 
specific  structures, 

(2)  Earth  Bmbankments.-  The  design  criteria  and  analy* 
ses  of  earth  embankments  varied  considerably,  depending  on  the  problems 
involved  and  the  experience  with  similar  materials.  Generally,  the  top 
widths  of  the  dikes  and  wing  dams  were  dependent  on  the  use  of  the  em- 
bankments for  highways  and  railroads,  or  otherwise.  As  the  established 
crest  elevations  provided  sufficient  freeboard,  settlement  of  the  dikes 
■was  not  a  major  problem  and  it  was  considered  that  all  settlement  would 
be  corrected  by  subsequent  maintenance.   The  primary  design  requirements 
for  all  earth  embankments  were,  economy  of  construction,  control  of  seep- 
age, and  the  static  stability  of  \he   structures.  Dikes  and  wing  dams 
which  were  located  on  firm  foundations,  where  shear  failure  was  not  a 
critical  factor,  were  designed  primarily  to  reduce  and  control  seepage 
and  to  eliminate  excessive  settlement  of  the  structure.  Provisions  were 
made  to  coTipaot  the  sections  and  to  prevent  or  to  control  seepage  through 
either  the  embankment  or  its  foundation.  In  some  instances  where  it 
was  impractical  to  attempt  prevention  of  seepage  and  even  where  seepage 
was  believed  to  be  negligible,  sufficient  drainage  control  features  were 
incorporated  in  the  design  to  provide  adequately  for  any  quantity  of 
seepage  that  might  develop.  The  design  of  earth  embankments  over  the 
deep  deposits  of  marine  clay  necessitated  detailed  studies  of  the  extent 
and  characteristics  of  the  foundation  material  and  extensive  mathemati- 
cal analysis  of  the  sections.   The  main  problem  involved  in  the  designs 
was  the  stability  of  the  foundations.   Because  of  the  low  shearing 
strength  of  the  clays,  very  flat  slopes  were  used.  Usually  the  embank- 
ment consisted  of  a  central  section  of  compacted  material  flanked  by  un- 
oompacted  material.  The  central  section  was  compacted  in  an  effort  to 
reduce  the  settlement  within  the  embankment.  The  compaction  was  con«' 
sidered  beneficial  in  all  instances,  especially  so  if  either  a  highway 
or  railroad  was  to  be  located  on  the  structure.   Because  of  the  wide 
sections  and  impervioxB  foundations,  seepage  was  not  a  primary  problem, 
however,  all  necessary  precautions  were  taken.  All  sections  v?ere  design- 
ed for  a  factor  of  safety  of  at  least  1,5  against  shear  failure.  Dike 
sections  and  analyses  are  described  and  discussed  in  detail  in  the  de- 
sign analyses  for  the  various  features, 

b.  Structures.-  The  structural  design  and  criteria  are  dis- 
cussed in  The   analyses  of  design  for  the  principal  features,  such  as 
the  Long  Sault  and  Iroquois  Dams,  the  Massena  Canal  Intake  7?orks,  acd 
the  various  locks,  and  are  included  in  the  appendices.  Unit  stresses 
for  concrete  were  based  on  recommendations  in  the  United  States  Bureau 
of  Yards  and  Docks  Bulletin  No,  3Yb  entitled  "Standards  of  Design  for 
Concrete,"  Unit  stresses  for  steel  and  other  metals  were  based  on  re- 
coirmendations  of  the  American  Institute  of  Steel  Construction,  These 
recommendations  are  believed  to  reflect  best  current  practice  for  the 
design  and  use  of  the  respective  materials.  The  criteria  for  water  lev- 
els, ice  pressure,  and  uplift  were  based  on  information  furnished  by  the 
Canadian  Departmoat  of  Transport,  as  given  in  detail  in  Section  II  of 
the  analysis  of  design  for  the  Long  Sault  Dam  (Appendix  111-22(3)), 
Permissible  unit  loads  for  foundations  were  based  on  explorations  and 

-52- 


analyses  of  the  various  materials   at  the  respective   sites.     Practically 
all  concrete  structures  will  be  founded  on  rock  having  an  indicated 
bearing  value  far   in  excess   of  that   required  for  any  stiructure.      There- 
fore,  allowable  unit  bearing  values  are  not  a  major  consideration  in 
the  designs.      The  standard  H-20  loading   of  the  American  Association  of 
State  Highway  Officials  was  adopted  in  the  case  of  highway  loads,  because 
of  the  probability  for  increase  of  highway  loadings  during  the  long  life 
of  the  stiniotures.     For  similar  reasons.  Cooper's  E-70  railroad  loadings 
with  reduced  impact  allowances  were  used  for  permanent  structures  carry- 
ing railroad  loads* 

c,     Mavigation  Channels.-     (1)     The  following  criteria 
are  reoommendecnror  the  design  of  navigation  channels   in  Appendix  C, 
paragraph  13,   of  the  report  of  the  Joint  Board  of  Engineers,  dated  Nov- 
ember 16,   1926| 

"In  general,   navigation   channels    are  not   less   than 
200  feet  bottcm  width  when  flanked  by  two  embankments, 
not  less  than  300  feet  T/hen  flanked  by  one   embankment, 
arri  not  less   than  450  feet  when  both  s-ides   of  the  chan- 
nel are  submerged, 

"In  cases  where  navigation  is  carried  through  re- 
stricted stretches   of  river,   a   sectional  area  of  65,000 
square  feet  is  provided  at  mean  stage.        This   is   equival- 
ent  to  a   sectional  area  of  about    70,000  square  feet  at 
high  stages  ,  and   a  maxifflxm  velocity  somewhat  less   than  5 
feet  per  second  in  such  channels.      In  general,  maximum 
velocities  and  channels  450  feet  wide  are  used  only  in 
short  stretches  of  river  where  the  view  is  unobstructed 
and  vdiere  cross-currents  are  not  encountered.      The  minimum 
radius  of  curvature  adopted  is  5,000  feet  with  at   least 
one-quarter  mile  of  taqgent  between  reversals.      The  align- 
ment is  drawn  so  as  to  eliminate  oross-ourrents  wherever 
possible.** 

The  foregoing  dimensions  were   intended  for  channels   25  feet  in  depth« 
These  criteria  were  retained  by  the  Engineers  of  the   Department  of  Trans- 
port of  Canada  for  the  channels   27  feet  in  depth  in  the  Original  238«242 
Plan.     Ilie  increase  in  depth  of  2  feet  with  the  retention  of  the   same 
waterline  width  and  side  slopes  resulted  in  bottom  widths  8  feet  less 
than  those  originally  recommended.     The  adopted  bottom  widths  at  27-foot 
depth  are    192  feet,   instead   of  200  feet,  for  channels  flanked  by  two 
embankments)   292  feet,   instead  of  300  feet,  for  channels  flanked  by  one 
embankment)   and  442  feet,  instead   of  450  feet,  for  channels   in  which 
both  sides  are  submerged. 

(2)     Ylith  the  exception  of  the  depth,  these  criteria 
were   substantially  the  ordinaiy   standards   used  during  ii\9  first  two 
deoades  of  the  20th  centtury  for  the  20-foot  depth  improvement  of  the 
conneoting  channels  between  the  Great  Lakes.     Because   of  increased  com- 
merce and  the   continued  increase  in  the  size   of  vessels  navigating  the 
Great  lakes,  these  conneotix^  channels  have  been  generally  enlarged* 
During  the   past  two  deoades,   new  oiriteria  for  the  design  of  these  conneo- 
ting channels  were  gradually  established.     The  new  criteria  provided  for 
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greater  width,  better  alignment,  and  elimination,  insofar  as  possible, 
of  curves  through  oonstrioted   channels.     Straight   courses  are  provided 
which  can  be  marked  by  range   lights.     At  bends,   the  channel  is  widened 
to  permit   ships   to  turn  and   pass  with  less  danger  of  collision  or  strand- 
ing.    These  improvements  have  encouraged  the  development  and  use   of 
still   larger  vessels   on  the  Great  Lakes,     In  view  of   ^e  size  of  vessels 
which  would  use  deep  water  channels  througji  the  International  Rapids  Sec- 
tion of  the  St,  Lawrence  River,  the  foregoing  criteria  for  depth,  width, 
and  alignment  of  channels  were  retained,  but  the  more  modem  practices 
outlined  above  have  been  follwred  in  the  details   of  channel  design,     A 
bottom  width  of  442  feet  was  used  for  practically  all  channels  since  both 
sides  of  most   of  them  will  be   submerged,  except  for  short  internals » 

(3)     Up-bound  vessels  on  the  Great   Lakes  -  St.   Lawrence 
River  System  sometimes  navigate  successfully  against  currents  as  great 
as  7  feet  per  second.     However,    such  velocities  are  excessive  and  gener- 
ally unsatisfactory  for  up-bound  as  well  as  down-bound  vessels.     It  will 
be  noted  in  "the   quotation  in  paragraph  (1)  above    that  the  Original   238- 
242  Plan  was  designed  for  "a  maximum  velocity  somewhat  less  than  5  feet 
per  second,"     Later,   in  the  Annex  of  the  Joint  Committee  Report  of  1941, 
the  allowable  velocity  was  lowered  to  4  feet  per  second.      The   follo^-dng 
is   quoted  from  this  annexi 

"(5)     Channel  enlargement  from  the  head  of  Galop  Island 
and  below  Lotus  Island  designed  to  give  a  maximum  velocity 
in  the  navigation  channel  south  of  Galop  Island  not  exceed- 
ing four  feet  per  second  at  Rxsy  time." 

This  last   criterion  was  incorporated  in  the  Annex  of  the  International 
Agreement  of  1941,  and  has  governed  the  design  of  navigation  channels  by 
this   District,      In  applying  this  criterion,  it  was  felt  that  undue  ex- 
panse should  not  be  incurred  to   prevent  this  velocity  from  being  exceeded 
by  a  small  mai^gin  for  a  short  time,  in  short  reaches,   at  rare  intervals. 
Accordingly,  the  channels  as  designed  permit  an  increase  of  velocity  to  a 
little  above  4  feet  per  second  for  3  per  cent  of  the  navigation  season, 
reaching  an  extreme  maximum  of  about  4,5  feet  per  second.     All  reaches 
of  the  projoot  satisfy  this  criterion,  but  in  only  2  reaches  was  it  the 
governing  feature  of  design.     These  two  reaches  are  fr<»Q  Chimney  Point 
to  below   Lotus  Island  (Mile  67  to  Mile  74)*  and  from  tiie  Lov;er  Qitraioe 
of  Grass  River  to  Lake  St.    Francis   (Miles  107,6  to  Mile  114),     The  de- 
sign of  all  other  reaches  was  controlled  by  the  criterion  for  ice  con- 
ditions* 

d.     All  Year  Operation  of  Power  Plant,-     A  major  problem  of 
the  prop08ed""St,   Lawrence  River  project  was  provision  for  continuous 
winter  operation  of  the  power  plant  without  \andue  interference   from  ice. 
The  Joint  Board  of  Engineers  in  Appendix  E  of  its  report  dated  November 
16,  1926,  presented  a  solution  to  this  problem.     This   solution  was  adopt- 
ed in   the  Joint  Committee  Report  of  January   3,  1941,  and  incorporated 

♦All  mileages  refer  to  distance  from  Tibbetts  Point,     See 
Plate  M  (bound  herein). 
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in  the  Original  238-242  Plan.  No  further  study  of  the  ice  problem  was 
made  by  this  district.   The  following  facts  with  respect  to  ice  forma- 
tion were  presented  by  the  Joint  Board:   (1)  THiere  swift  currents  in 
the  river  prevent  the  formation  of  a  fixed  ice  sheet,  fine  ice  crystals, 
known  as  "frazil  ice",  fonn, float  downstream,  and  lodge  in  qxdeter 
water  or  attach  themselves  to  fixed  objects;  (2)  a  continuous  ice  cover 
willfonn  over  the  river  only  when  the  average  velocity  is  less  than  1^ 
feet  per  second;  and  (3)  floating  ice  and  slush  will  pack  against  the 
upstream  edge  of  a  fixed  ice  cover  and  will  expend  it  upstream  against 
average  velocities  less  than  2^  feet  per  second.  The  solution  of  the 
problan  as  adopted  in  that  report  was  (1)  to  provide  meai  velooities 
not  exceeding  1^  feet  per  second  so  that  natural  ice  covers  will  fonn, 
(2)  install  artificial  barriers  against  which  the  floating  ice  will  pack 
to  start  the  ice  sheet,  and  (3)  v/herever  reasonably  possible  provide 
mean  river  velocities  upstream  therefrom  not  exceeding  2j-  feet  per 
second.  Under  the  proposed  project,  it  is  believed  that  a  fixed  ice 
cover  will  form  over  the  pool  for  some  distance  upstream  from  the  power- 
house and  the  Long  Sault  Dam  and  that  the  proposed  channel  enlargements 
will  provide  average  velocities  not  exceeding  2|-  feet  per  second  as  far 
as  Mile  79,  thereby  permitting  a  continuous  ice  cover  to  form  between 
the  powerhouse  and  Mile  79,   The  crest  gates  of  the  Iroquois  Dam  (Mile 
77.5)  can  be  manipulated  so  as  to  form  a  barrier  against  which  the  ioe 
pack  will  form  and,  with  the  proposed  channel  enlargements,  will  extend 
upstream  to  the  vicinity  of  Lotus  Island  (Mile  74),  Above  Galop  Island 
(Mile  70.7)  the  proposed  ice  cribs  and  booms  will  constitute  a  barrier 
which  will  permit  formation  of  the  initial  ice  pack  and  its  extension 
upstream  to  the  downstream  end  of  the  natural  ioe  cover  whioh  forms  in 
the  Th'ousand  Islands  Section,  In  the  Galop  Rapids  betv/een  Miles  70.4 
and  74.0  and  in  the  section  between  Iroquois  Dam  and  Mile  79,  the  cri- 
terion of  mean  velooities  not  exceeding  2^  feet  per  second  cannot  be  net, 
except  at  excessive  cost.  The  criterion  for  navigation  channels  (para- 
graph 22o)  governs  the  design  of  channels  in  the  Galop  Rapids  Section, 
No  improvement  is  recommended  in  the  reach  between  Iroquois  Dam  and  Mile 
79.  It  is  expected  that  these  reaches  will  remain  open  during  the  sever- 
est winters,  but  that  the  amount  of  frazil  formed  in  them  will  not  be 
sufficient  to  cause  serious  difficulty. 

e.  Look  Dimensions.-  The  following  criteria  for  locks  are 
reoorjnende'J  in  Appendix  C,  paragraph  15,  of  the  report  of  the  Joint 
Board  of  Engineers,  dated  November  16,  1926» 

"As  stated  in  paregraph  113  of  the  Main  Report,  the 
locks  conform  in  dimensions  with  those  of  the  new  w el- 
land  Ship  Canal,  aid  have  chambers  859  feet  in  langth 
between  inner  quoinposta  and  766  feet  between  breast 
wall  and  fender.  Their  clear  width  is  80  feet  nnd  the 
depth  on  the  sills  30  feet.   The  general  design  of  a 
typical  look  is  shown  on  Plate  I,  Appendix  C.'' 

The  Canadian  Department  of  Transport  followed  these  criteria  in  the 
Original  238-242  Plan,  and  they  were  used  in  the  present  studies. 

23.  ROUSING  AND  RELATED  PROBLEMS.-  a_.   Existing  housing  facili- 
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ties  for  U.  3.  Government  and  contractors*  employees  -within  dependable 
comr^utlng  distance  of  the  proposed  project  Trorks  will  be  entirely  in- 
adequate during  the  ccnstanjotion  period,  y/hile  no  study  was  made  re- 
garding the  housing  facilities  for  the  Canadian  portion  of  the  work, 
it  is  understood  that  a  similar  housing  problem  will  arise  on  the  Cana- 
dian side. 

b.  The  major  portion  of  the  proposed  project  is  located  in 
the  reach  downstream  from  Morrisburg,  Ontario,  Mile  85  (approximately 
opposite  Waddington,  N«  Y»)  and  a  lesser  amount  in  the  reach  upstream 
from  Morrisburg,   The  former  subdivision  will  be  referred  to  hereafter 
as  the  downstream  division  and  the  latter  as  the  upstream  division.  In 
the  downstream  division,  it  is  estimated  that  initially  there  will  be 
approximately  1,000  U,  S,  Government  employees  and  that  at  the  peak  of 
construction,  there  may  be  a  total  of  approximately  1,500  such  employees 
for  whom  housing  facilities  will  be  required.   It  is  also  estimated  that 
60  per  cent  of  these  employees  will  be  married,  necessitating  housing 
for  600  to  900  families,  A  further  study  of  the  proposed  construction 
schedules  (see  paragraph  34)  indicates  that  at  the  peak  of  activity, 
there  may  be  a  total  of  approximately  20,000  contractors'  employees  for 
whom  housing  will  also  be  required,   ;ihe  contractors'  employees  may  be 
divided  into  two  groups:   (l)  those  working  on  the  U.  S.  Government  con- 
tracts and  (2)  those  working  on  Canadian  Government  contracts.  No  es- 
timate of  the  division  of  employees  can  be  made  until  the  International 
Comnission  decides  the  proportion  of  work  to  be  allocated  to  each  Gov- 
ernment, It  is  believed  that  provision  should  be  made  for  a  semi-penra- 
nent  camp  of  sufficient  capacity  to  house  the  anticipated  number  of 

U,  S,  Government  employees  and  their  families.  The  name  proposed  for 
the  camp  is  Seaway,  Hew  York,  and  the  location  recommended  is  approxi- 
mately three  miles  east  of  Massena,  New  York,  on  the  north  hank  of  the 
Grass  River,   Ihis  location  will  be  within  easy  commuting  distance  of 
the  places  where  about  80  to  90  per  cent  of  the  total  number  of  Govern- 
ment employees  will  work,  and  will  also  be  sufficiently  removed  from 
all  the  important  project  works  so  that  the  inhabitants  will  not  be  dis- 
turbed by  the  construction  activities.   It  is  suggested  that  the  opera- 
tion of  the  facilities  of  the  proposed  village,  including  a  commissary, 
school,  hospital,  fire  and  police  departments,  and  utilities,  be  taken 
over  by  a  town  management  division,  independent  of  the  construction  or- 
ganization and  to  a  great  extent  of  the  normal  Administrative  Division 
of  the  District  Office,   Details  of  the  proposed  organization  are  con- 
tained under  "Organization  for  Town  Mana^^ement"  in  Appendix  111-21(3), 
ttie  foregoing  is  based  or  the  premise  that  the  work  will  be  performed 
under  contracts.   Should  it  be  decided  to  undertake  a  considerable  part 
of  the  work  by  hired  labor  methods,  additional  facilities,  consisting 
principally  of  dormitories  and  mess  houses  will  be  required.  Provision 
has  been  made  for  these  additions  without  disrupting  the  general  plan. 
See  Appendices  111-21(1),  (2)  and  (3)  for  plans,  specifications,  analy- 
ses of  design  and  general  information, 

c,  A  large  percentage  of  the  work  in  +he  upstream  division 
(above  Morrisburg)  will  be  a  highly  mechanized  operetion  requirir^  a  much 
smaller  proportion  of  labor  than  the  construction  work  below  Morrisburg, 
Living  quarters  for  the  Government  employees  assigned  to  this  work  will 
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probably  be  available  in  Ogdensburg,  New  York,  and  adjoining  villages, 
or  in  contractors*  cairps,  constructed  in  that  section.   It  will  also  be 
possible  for  some  employees  to  commute  from  Seaway  if  they  desire,  Con- 
stiruotion  of  a  camp  similar  to  that  proposed  for  Seaway  to  house  Govern- 
Tient  employees  connected  '.vith  the  construction  of  Iroquois  Dam  and  the 
other  work  in  that  vicinity  was  considered,  but  deemed  unnecessary  be- 
cause of  the  comparatively  small  number  of  Government  employees  who  will 
be  employed  on  that  work, 

d.  It  is  expected  that  Seaway,  N.  Y.  will  be  used  for  housing 
employees  "of  the  Government,  btrt  not  for  contractors*  employees.  It  is 
believed  that  the  matter  of  housing  and  caring  for  the  contractors'  em- 
ployees should  be  left  to  the  contractors  and  that  all  such  arrangements 
and  facilities  established  by  the  contractors  should  be  approved  by  the 
contracting  officer.  It  is  anticipated  that  many  of  the  contractors* 
employees  will  reside  in  trailers,  and  it  is  believed  that  the  contract- 
ors should  be  permitted  to  use  Government  land  v;herever  available  for 
oamp  sites.   The  plans  and  specifications  for  various  construction  con- 
tracts contain  provisions  governing  the  location  and  operation  of  such 
ccunps, 

24,  RAILROADS  AND  HIGE?:AYS,-  a_.  Present  Facilities,  General.- 
The  area  adjacent  to  the  International  Rapids  Section  of  the  St.  Lawrence 
River  is  fairly  well  provided  with  transportation  facilities.   It  is 
served  by  one  main  transcontinental  railroad  (Canadian  National  Railway) 
and  a  nvmber  of  secondary  lines,  together  with  a  fair  net-work  of  public 
highways.  The  river  itself,  supplemented  by  the  system  of  marginal  can- 
als on  the  Canadian  side,  is  a  major  artery  of  ocmmerce  for  serving  the 
project  area  either  from  the  ocean  or  from  the  Great  Lakes,  Vessels  us- 
ing this  route  are  limited  to  a  laigth  of  262  feet,  a  beam  of  42  feet, 
and  a  draft  of  about  14  feet.  Bridges  provide  a  minimum  vertical  clear- 
ance of  1 20  feet,   A  large  number  of  ships  now  using  this  waterway  are 
able  to  carry  a  deadweight  tonnage  of  2,000  to  2,200  tons  under  present 
conditions.  Vessels  approaching  the  Great  Lakes  from  the  south  can  ent- 
er LaVe  Ontario  at  Oswego  by  means  of  the  New  York  State  Barge  Canal, 
or  Lake  Michigan  at  Chicago  from  the  Mississippi  River  System,   Limiting 
dimensions  on  the  New  York  Barge  Canal  are  about  as  follows:   length, 
300  feetj  width,  44  feetj  depth  on  lock  sills,  12  feet.  Fixed  bridges 
limit  the  overhead  clearance  on  this  route  to  15,5  feet  at  normal  pool 
stage  (improvanents  now  under  construction  will  increase  this  to  20  feet 
above  maximum  navigable  stage).  Vessels  coming  from  the  Mississippi  are 
limited  to  a  d^aft  of  about  9  feet,  and  overhead  clearances  of  about 
17,5  feet  at  normal  stage.  Controlling  horizontal  dimensions  of  locks 
are  600  feet  in  length  and  80  feet  in  width.  Wharfage  facilities  for 
vessels  'navigating  the  St,  Lawrence  River  are  available  at  Cornwall, 
Morrisburg,  Iroquois,  Cardinal,  Prescott  and  Brockville  on  the  Canadian 
side,  and  at  ?;acldington,  Ogdensburg,  and  Morris  town  on  the  New  York  side. 
These  facilities  are  adequate  for  the  existing  traffic,  but  might  require 
expansion  if  large  quantities  of  material  for  the  proposed  St.  Lawrence 
project  were  shipped  by  v;ater, 

b,  Canadian  National  Railway,-  The  Canadian  National  Railway, 
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an  important  transcontinental  line,  parallels  the  3t.  Lawrence  River  on 
the  north  side  throughout  the  International  Rapids  Section  with  stations 
and  freight  facilities  at  Cornwall,  Morrisburg,  Iroquois,  Cardinal, 
Prescott,  Brockville,  and  smaller  villages.   It  provides  connections 
with  Montreal  and  North  Atlantic  ports  in  the  east  and  with  Toronto, 
Chicago,  Milwaukee,  and  other  points  in  the  midwest,  and  connects  with 
Winnipeg  and  the  Pacific  Northwest  by  means  of  a  line  north  of  the  Great 
Lakes, 

o,   Canadian  Pacific  Railway, »   The  Canadian  Pacific  Railway 
is  an other^trans continental  line  which  parallels  this  section  of  the  St, 
Lawrence  River  a  few  miles  north  of  the  Canadian  National  Railway,  It 
has  spur  lines  to  Prescott  and  Brockville  and  connects  with  the  New  York 
and  Ottawa  Branch  of  the  Hew  York  Central  Railroad  at  Finch,  Ontario, 

d,  New  York  Central  System,-   The  St.  Lawrence  Division  of 
the  New  YoTk  Central  System  comes  in  from  the  south  to  a  terminal  in 
the  southern  part  of  Massena,  about  three  miles  from  the  St,  Lawrence 
River,   This  line  is  connected  by  way  of  Watertown  with  the  main  line 
of  the  New  York  Central  at  Utica,  Rome,  and  Syracuse,   A  branch  line 
leaves  the  St,  Lawrence  Division  at  DeKalb  Junction  and  reaches  the  St, 
Lawrence  River  at  Ogdensburg,  at  which  point  a  car  ferry  provides  con- 
nection  to  the  Canadian  National  and  to  a  branch  of  the  Canadian  Pacific 
Railway,  A  second  branch  of  this  Division  reaches  the  river  at  Morris- 
town,   The  New  York  and  Ottawa  Railroad  of  the  New  York  Central  System 
runs  south  from  Ottawa,  Ontario,  connects  with  the  Canadian  Pacific 
Railway  at  Finch,  Ontario,  and  with  the  Canadian  National  Railway  at 
the  western  edge  of  Cornwall,  and  crosses  the  St.  Lawrence  River  to 
Rooseveltown,  thenoe  to  Helena  where  it  connects  with  a  branch  of  the 
Grand  Trunk  Railway,   This  line  formerly  continued  about  ten  miles  fur- 
ther south  to  connect  with  the  Rutland  Railroad,   The  track  has  leen  re- 
moved from  this  portion  of  the  line,  but  the  right-of-way  still  exists 
and  the  track  could  be  relaid  if  the  movement  of  large  quantities  of 
material  from  this  direction  becomes  necessary, 

e,  Rutland  Railroad,-  This  railroad  runs  roughly  parallel 
to  the  St, ""Lawrence  River  and  a  few  miles  to  the  south.   It  has  its 
western  terminus  at  Ogdensburg  and  connects  with  the  Massena  branch  of 
the  New  York  Central  System  at  Norwood,  approximately  13  miles  south  of 
Massena,   It  proceeds  eastward  and  affords  connection  with  New. England 
points  and  indirectly  with  New  York  Cily, 

f ,  Grand  Trunk  Railway  System,-  A  branch  of  the  Grand  Trunk 
Railway  SyTtem,  the  Ameriosan  subsidiary  of  the  Canadian  National  Railway, 
parallels  the  St.  Lawrence  River  on  the  south  side  from  Massena  to  Mon- 
treal, It  connects  with  the  southern  and  of  the  New  York  and  Ottawa  Di- 
vision of  the  New  York  Central  System  at  Helena,   The  New  York  Central 
System,  which  has  trackage  rights  over  the  portion  of  the' Grand  Trunk 
Railway  between  Massena  and  Helena,  operates  freight  trains  between 
Massera  and  Ottawa  via  the  Grand  Trunk  Railway  and  the  New  York  and 
Ottawa  Railroad, 

g,  Norwood  and  St.  Lawrence  Railroad*-  The  Norwood  and  St, 
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Lawrence  Railroad  leaves  the  St,  Lawrence  River  at  Waddington  and  conn- 
ects "With  the  New  York  Central  and  Rutland  Railroads  at  Norwood.  Its 
total  length  is  approximately  18  miles  and  its  rolling  stock  is  very  li- 
mited, 

h.   The  Massena  Terminal  Railroad,-  This  railroad,  a  subsidi- 
ary of  the^Alvuainum  Company  of  America,  extends  from  the  terminal  yard  of 
the  Mew  York  Central  System  and  Grand  Trunk  Railroad  in  the  southern 
part  of  Massena,  through  the  village,  and  across  the  Grass  River  and 
serves  the  plants  of  the  Aluminum  Company  of  America  and  the  Defense  Plent 
Corporetion,  located  between  the  Grass  and  St,  Lav/rence  Rivers,  It  also 
serves  a  few  small  mercantile  and  industrial  installations  in  Massena, 
Due  to  its  grades  and  alignment  and  the  condition  of  its  two  bridges,  its 
freight  handling  capecity  is  somewhat  limited,  but  it  is  understood  •'bet 
the  management  contemplates  substantial  improvements  at  an  early  date, 

i.  Railroad  Terminal  Facilities,-  The  aforementioned  rail- 
roads have^sidings  and  freight  handling  facilities  at  the  points  named. 
In  general,  these  facilities  are  adequate  only  to  handle  the  existing 
traffic.   In  order  to  handle  the  large  volume  of  steel,  aggregate,  cement 
and  other  materials  vhich  vill  be  required  for  the  construction  of  the 
proposed  3t,  Lawrence  project,  substantial  enlargement  of  these  facili- 
ties vill  be  necessary.    The  railroad  interests  indicated  ability  ard 
willingness  to  make  the  necessory  enlargements  when  required, 

J,   Kings  Highway  No,  2,-  This  highway  is  the  principal  one 
on  the  Canadian  side  of  the  St,  Lawrence  River  and  parallels  it  quite 
closely  thro\!ghout  the  entire  length  of  the  International  Rapids  Section, 
passirig  through  all  the  villages  between  Prescott  and  Cornwall,  It  con- 
nects on  the  east  with  Montreal  and  the  principal  points  in  Quebec  alid 
the  Maritime  Provinces,  and  or  the  west  with  Toronto,  the  Niagara  Front- 
ier, and  the  region  north  and  east  of  Lake  Huron,  Branch  Highways  Kos, 
31  end  16  run  north  to  Ottawa  from  Morrisburg  and  Prescott,  respectively, 

k.  Highways  in  New  York  State,*  United  States  Highway  No,  11 
parallels  the  river  on  the  United  States  side  about  20  miles  to  the  south, 
and  affords  connections  with  the  main  east  and  v^est  routes  through  the 
Mohswk  Valley,  which  ha-'^e  connections  with  New  England  and  New  York  City 
to  the  south,  and  with  Syracuse  and  Buffalo  and  other  points  to  the  west. 
Three  important  New  York  State  highways  supplement  the  transportation  af- 
forded by  this  U,  S,  route.  Route  No,  56  conneots  Massena  with  Highway 
No,  11  at  Potsdam.  Route  No,  68  connects  Ogdensburg  with  the  same  high- 
way at  Canton,  Route  No,  37  parallels  the  river  from  Ogdensburg  through 
Massena  and  continues  east  to  intersect  Highway  No,  11  at  Malone,  New  York, 
Route  No,  37  reaches  the  vicinity  of  the  river  in  only  a  few  points,  but 
several  second-class  gravel  or  bituminous  roads  follow  the  river  and  con- 
nect with  this  route  at  various  points, 

25,  AIR  TRANSPORTATIOF,-  The  nearest  airports  at  which  commercial 
airline  service  is  now  available  are  Syracuse,  New  York,  distant  170  miles 
from  Massena;  Ottawa,  Ontario,  distant  69  miles;  and  Montreal,  Quebec, 
distant  86  miles,  Syracuse  is  served  by  the  American  Airlines,  with  con- 
nections to  New  York  City  and  Buffalo,  Chicago,  and  other  western  points, 
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Ottawa  is  served  by  Trans-Canada  Air  Lines  connecting  with  Montreal, 
Toronto,  and  practically  all  major  Canadian  cities.  Montreal  is  served 
by  Trans-Canada  Air  Lines,  by  Canadian  Colonial  Airways  affording  serv- 
ice to  Burlington,  Vermont;  Albany,  New  York;  and  New  York  City;  and  by 
Northeast  Airlines  connecting  with  Boston  and  other  New  England  p»ints. 
Airports  at  Massena,  Ogdensburg,  and  Malone  afford  landing  for  planes 
of  medium  size,  but  have  no  scheduled  air  service  at  the  present  time. 
The  airport  at  Massena  is  now  in  course  of  enlargement  to  accommodate 
the  largest  commercial  transport  planes,  and  the  applioatiorl  of  Canadian 
Colonial  Airways  for  authority  to  provide  service  which  will  connect 
this  village  with  Albany,  Burlington,  Watertown,  Syracuse,  Binghamton, 
and  New  York  City,  is  ncm   pending  before  the  Civil  Aeronautics  Author- 
ity. Most  of  the  aforementioned  transportation  ro\ites  are  shown  on  the 
locality  map  on  Drawing  MC-l-l/s  in  the  Plans  for  the  Long  Sault  Canal, 
Appendix  111-16(1). 

26.  ADDI T I  OK  AL  TRAI;  S  P  OR  TAT  ICM .  -  a.   The  construction  of  the  pro- 
posed St.  Lawrence  River  project  requires  certain  changes  in  and  addi- 
tions to  the  existing  railroad  and  highway  nets  in  order  to  handle 
the  additional  traffic  which  will  exist  during  the  construction  period, 
A  considerable  portion  of  this  increased  traffic  involves  transportation 
of  materials, of  which  the  estimated  amount  is  given  in  the  following 
table: 


Division  : Material  -  Tons 

1   Maximtnn ,    j  Average  Annual 
t   Annual     ,(4  yr.  period) 

Upstream  Division  (above  Morrisburg)   i(l)    90,000  t  (1)    70,000 

:(2)  1,285,000  j  (2)   980,000 

Downstream  Division  (below  Morrisburg)j    3.325.000  «     2,000.000 

(1)  Based  on  obtaining  concrete  aggre'gates  from 
rock  excavation  from  the  canal. 

(2)  Based  on  obtaining  concrete  aggregates  from 
outside  areas, 

b.  The  problems  of  additional  transportation  facilities  to 
the  upstream  division  can  be  satisfactorily  solved  during  the  prelimi- 
nary stages  of  constnicticn ,  and  therefore  no  definite  recommendations 
are  offered  at  this  time.  This  division  contains  the  channel  work  be- 
tween Chimney  Point  and  Canada  Island,  and  the  construction  work  in  the 
vicinity  of  Point  Rockway.   The  former  requires  heavy  equipment,  but  re- 
latively little  labor  and  materials;  the  latter,  which  includes  the 
Iroquois  Dam  and  Point  Rockway  Lock,  reqvares  more  men  and  materials,  es- 
pecially if  concrete  aggrega+es  are  shipped  in.   Suitable  routes  leading 
to  these  work  centers  can  be  developed  wi-thout  excessive  cost  or  loss  of 
time  by  utilizing  and  improving  the  existii.g  rotids.   If  rail  connection 
is  desired  at  Point  Rockway,  a  spur  approximately  7  miles  in  length  from 
Korv-ood  and  St.  Lawrence  Railroad  at  Waddirogton  can  be  easily  construct- 
ed, 

c.   The  transportation  problems  in  the  downstream  division, 
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which  contairs  the  most  important  features  of  the  work,  -were  studied  in 
detail  since  the  greater  portion  of  men  and  materials  required  for  the 
proposed  projeot  will  utilize  the  routes  in  this  area.   The  project  works 
involved  in  the  upper  ll-mile  reach  of  this  division,  between  Morrisburg 
and  Richards  Point  (Mile  86  to  Mile  97),  consist  only  of  relocation  of 
railroads  and  highways  on  both  sides  of  the  river  and  construction  of  a 
few  minor  dikes  on  the  United  States  side.   No  serious  transportation 
problems  are  involved  in  this  area.   The  reach  below  Richards  Point  con- 
tains the  principal  project  work  centers,  including  Seaway  Village,  Long 
Sault  Canal  and  Locks,  Long  Sault  Dam,  and  the  Barnhart  Island  Power- 
house,  Some  of  the  permanent  transportation  facilities  which  require 
relocation  because  of  the  creation  of  the  pool,  and  others  which  will 
be  provided  for  access  to  the  structures  in  this  reach,  can  be  utilized 
during  the  construction  period.  A  permanent  highway  is  necessary  from 
State  Route  No,  37  near  Massena  to  Seaway  Village,  thence  to  the  Long 
Sault  Dam  and  the  Robinson  Bay  Lock  of  the  Long  Sault  Canal.   This  high- 
way requires  a  bridge  across  the  Grass  River  near  Massena,  Upon  comple- 
tion of  the  dam,  the  permanent  highway  will  continue  over  the  dam  and 
thence  across  Barnhart  Island  to  the  Uni+^^ed  States  end  of  the  powerhouse. 
A  highway  connection  to  the  Canadian  end  of  the  powerhouse  is  proposed 
from  Kings  Highway  No.  2  near  Lock  19  of  the  existing  Cornwall  Canal, 
This  highway  will  cross  the  canal  by  means  of  a  combined  highway  and 
railroad  drawbridge  across  the  present  Lock  19.  Rail  connections  to 
these  centers  will  be  provided  by  constructing  a  single  track  line  from 
the  proposed  yards  of  the  Massena  Terminal  Railroad  (to  be  located  north 
of  the  plant  of  the  Aluminum  Company  of  j^merioa)  to  the  Robinson  Bay  Lock, 
thence  to  the  Long  Sault  Dam,  A  spur  leading  from  this  line  to  Seaway 
Village  will  also  he  required.  Upon  completion  of  the  dam,  the  permanent 
railroad  will  continue  over  the  dam  and  thence  along  Barnhart  Island  to 
the  United  States  end  of  the  powerhouse.  A  rail  connection  to  the  Canadi- 
an end  of  the  pmverhouse  is  planned  from  both  the  Canadian  National  Rail- 
way and  the  Ottawa  Branch  of  the  New  York  Central  Railroad  near  the  junc- 
tion point  located  immediately  west  of  Cornwall,  Ontario,   !Ihis  spur  will 
also  cross  the  existing  Cornwall  Canal  by  means  of  the  proposed  draw- 
bridge over  the  present  Lock  19,  Pemianent  highway  and  railroad  connec- 
tion to  the  Grass  River  Lock  of  the  proposed  Long  Sault  Canal  will  be 
available  after  the  Roosevelt  Highway  and  the  Ottawa  Branch  of  the  New 
York  Centjral  Railroad  are  relocated  along  a  route  from  Rooseveltown  to  the 
the  Grass  River  Lock,  thence  across  Pollys  Gut  to  the  original  lines  on 
Cornwall  Island  (see  paragraph  69), 

d.   In  addition  to  the  permanent  facilities,  to  be  provided 
during  the"~early  stage,  temporary  transportation  facilities  will  be  re- 
quired during  the  construction  period.   (See  Chapter  III,  Paragraph  34a,) 
A  temporary  rail  connection  to  the  site  of  the  United  States  end  of  the 
Barnhart  Island  Powerhouse  can  be  provided  by  extending  the  aforemention- 
ed proposed  spur  crossing  the  present  Lock  19  along  the  top  of  Cofferdem 
B,  which  will  have  sufficient  width  to  accommodate  the  railroad.   Another 
possible  method  for  obtaining  a  temporary  rail  connection  to  the  site  of 
the  United  States  end  of  the  Barnhart  Island  Powerhouse,  would  be  to  con- 
struct a  track  across  Cofferdam  C,  located  downstream  from  the  powerhouse. 
During  construction  of  Long  Sault  Dam,  a  standard  gage  track  will  be 
provided  across  the  river  at  the  dam  site  by  utilizing  the  top  of  the 
dwmstream  cofferdams.   This  track  will  be  built  during  the  second  st&g.e 

-61- 


of  oonstruotion  and  can,  if  desired,  be  extended  to  the  site  of  the  pow- 
erhouse, A  highway  ccnneotion  to  the  Grass  River  Lock  can  be  secured  at 
first  by  extending  the  present  highway  along  the  north  side  of  Grass  Ri- 
ver from  Massena  Center  to  the  lock  site.  The  temporary  and  permanent 
transportation  facilities  from  the  Canadian  mainland  to  Bamhart  Island, 
including  the  island  end  of  the  Long  Sault  Dam,  are  discussed  at  greater 
length  in  Chapter  III  under  Features  Nos.   24  and   29, 

e.     The  problem  of  providing  more   satisfactory  access  to  Bam- 
hart Island   dvuring  the  construction  period  was   given  considerable    study. 
At  present,   Bamhart  Island   can  be   reached  by  boats  and  a  light   oablewey 
having  a  maximum  capacity  of  about   8  tons,  which  crosses  the  South  Chan- 
nel  at   Fav;kins   Point,      Better  transportation  could  be   obtained  by  (1) 
temporary  bridges  across  the    south  channel  at  various  points  between  the 
Long  Sault    Dam   site  and  the  present   cableway   (see   Drawing  MBRR-R-90/l, 
Appendix  A-l)j    (2)   an  aerial   tramtway  plus  ferry  service  for  bulk  materia 
als;    (3)   a  belt   conveyor  supported  by  a   light   suspension  bridge   supple- 
mented by  ferry  service;   and   (4)   a  cableway  together  with  ferry  service, 
(See   Drawing   MBZ-l-2/l,  Appendix  A-1.)      The  time  required  for  construc- 
tion would  be   approximately  the  same  for   each,  but  the  tramway-ferry  me- 
thod  is   considered  most   desirable,  since  the   greater  portion   of  materials 
required  at   the   powerhouse   site,   before  the   rail   connection  across   Long 
Sault  Dam  becomes  available,  consists  of  concrete  aggregates  and  cement. 
The  most  satisfactory  location  is   from  Hawkins  Point  to  a  point   opposite 
on  Bamhart  Island,     As   soon  as  the   relocation  of  the   Ottawa  Branch  of 
the  New  York  Central  Railroad  is  oorrpleted  across  Grass  River  Look,  a 
spur  approximately  2  miles   in  length  can  be  constructed  to  Hawkins  Point, 
thereby  providing  for  delivery  of  the   concrete  materials  by  rail  at  the 
mainland  end   of  the  tramway, 

27.      ELECTRIC  PCFER  FOR  COi:STRUCTIOS,-     &.      Present   Supply  and  Esti- 
mated Keeds.-     During  the  construction  of  the  proposed  St.   Lawrence  River 
project  a  large  amount   of  electric  power  will  be    required  to  operate  the 
various   electrically-driven  equipment,   such  as  pumps,   concrete  mixers, 
air  corpressors  and  hoists,   as  well  as  for  general   lighting  purposes. 
Electric  power  will  also  be    required  to  serve  the  nxmerous  buildings   oc- 
cupied by  Government  personnel  and  by  contractors'    employees.      The    areas 
involved   in  the  United  States  part  of  the  proposed  construction  are  serv- 
ed by  the  Niagara  Hudson  system  through  its    subsidiary,  the   Central  New 
York  Power  Corporation,     This  corporation  operates  hydroelectric  genera- 
ting stations  having  a  combined  generating  capacity  of  approximately 
244,000  kw  and   steam  generating   stations   having  a  combined  capacity   of 
190,000  kw  or  a  grand   total  generating  capacity  of  434,000  kw.      The  trais- 
mission  system  serves  the   area  by  primary   distribution  lines  at  various 
voltages   and    capacities,     Massena  is  at    present    supplied  with  3-phase, 
60-cycle  current  by  a  double   circuit  steel   tofwer  line  with  a   terminal 
voltage  of  about  118  kv.     A  new  line  from  Taylorville  to  Massena,  insu- 
lated for   230  kv,  is  now  under  oonstruotion.      The  town  of  Ogdensburg  is 
served  by  a  double  circuit  80  kv  line.     Another  line  connects  Ogdensburg 
with  a  hydroeleotrio  development   a  few  miles  to  the   south.     The  interven- 
ing territoiy  between  Massena  and  Ogdensburg   is   served  by  light  capacity 
lines.      There  is  at  present  no  way  in  which  a  large  amount  of  power  such 
as  will  be  required  at  Iroquois  Dam  can  be  delivered  at  the  site,  although 
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at  the  time  discussions  -were  held  with  the  power  company  officials, 
there  Tvas  sufficient  power  available  to  provide  the  full  estimated  amovnt 
required  for  construction.     The   locations   of  the  various  existing  lines 
are  indicated  on   Drawing  No.   ST-F-l/l,   Appendix  A-1,  and   further  data 
are  in  the  District  files.     Analysis  of  Design  and  detailed  cost  estimates 
are  contained  under  "Power  Distribution  for  Construction"  in  Appendix  A-2, 
A  study  of  the  power  demand  for  the  several  construction   load  centers   in- 
dicates  that   the  total   peak  demand  -will     be   approximately  30,000  kva. 
Of  this  amount,   25,000  kva  will  be   required  for   the   downstream  division 
of  the  -work.  Miles  97   to   113-*,    and   5,000  kva  for   the  upstreara   division 
which  centers  at  Point  P.ockway,      A  tabulation  of  the  estimated  distribu- 
tion followsi 

Dov.'natream  Division, 

Barnhart  Island  Powerhouses       7,500  kva 

Long  Sault   Dam  5,500  kva 

Robinson  Bay   Lock  3,000  kva 

Grass  River  Look  3,000  kva 

Seaway  Village  2,500  kva 

Massena  Power  Canal  2,000  kva 

Guard  Gate  1,500  kva 

Sub  Total  25,000  kva 

Upstream  Division. 


Iroquois   Dam  3,000  kva 

Point  Rockway  Canal  and  Lock     2,000  kva 

Sub   Total  5,000  kva 

TOTAL  30,000  kva 

The  total  peak  demand  of  30,000  kva  would  occur  only  if  all  contractors 
on  the  proposed  project  should  demand  their  maximxan  allotments  simultan- 
eously.     This   condition  may  never  develop,  but  since  the  estimated  de- 
mand can  be  provided,  it  is  considered  advisable  to  have  the  pov;er  avail- 
able for  each  contractor  at   all  times.     It  should  be  noted  that  the   fore- 
going estimates   do  not  include  power  for  electric  dredges,  and  must  be 
substantially  increased   if  plant   of  that  character  is  to  be   used, 

b.      Proposed  System  and   Service.-     The   Central    New   York  Pa/ier 
Corporation  will  furnish  all  power  for  the   various   sites.      Sufficient 
60-oyole  power  at  110  kv  nominal   voltage  to  supply  the   downstream  divi- 
sion is  available  at  high  tension  side  of  the  power  company's  sub-station 
located  at  Building  No,   25A  in  the  Aluminum  Plant  at  Massena,  New  York. 
In  order  to  furnish  power  to  the   several  distribution  points   in  the  dov;n- 
stream  division,  it   is   planned  to  transmit  the  energy  at  110  kv  ncoinal 
voltage,  to  a   Government -owned  substation  to  be   constructed  at  the  approxi- 
mate center  of  the  electrical  load  in  this   division.     At  this   substation, 
the  voltage  will  be  reduced  to  a  primary  distribution  voltage   of  6,6  kv 
emd  the  power  will  be   transmitted  to  each  individual  load  center  for  the 
various  contractors   on  the  proposed  project.     The  distribution  voltage 
was  fix«d  at   6.6  kv  to  utilize  tx*ansformers  and   switches  now  available  at 
Fort  Peok,  Montana,      Should  this  equipment  not  be  available  when  needed, 
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distribution  at  13.2  kv  would  be  preferable  because   of  the   loads  and  dis- 
tances  involved.      It   is  also  considered  that   each   contractor  should  be 
required  to  install  his   own  transformers  for  reduction  of  the  voltage  to 
that  required  by  his  equipment.     A  second  source  of  power  for  the  down- 
stream division  may  become   available  upon  oanpletion  of  the  new  230  kv 
transmission   line  frcoi  Taylorville  to  Massena,  New  York.      Ihis   high  ten- 
sion line   is   lie  ing  installed  primarily  for  the   purpose   of  supplying  power 
to  a  new  Government -owned  alumintm  plant   in  the  vicinity  of  Massena,  and 
there  will  be  a   13.2  kv  bus   at   the   substation  for  supplying   the  new 
plant.      Should  there  be   surplus  power  available  at   this   substation,  for 
use  in  the   construction  of  the  proposed  St.   Lawrence  River  project,   a 
loop  system  at   13.2  kv  could   be  built   to   serve  the  various   load   centers. 
Contractors  will   be   required  to  transform  from  this   voltage  to  that  re- 
quired by  their  equipment.      This   source   of  power  will  eliminate   the  need 
for  new   110  kv  transformers.      Should  the    construction  of  Seaway  Village 
be   started  before  the  transmission   lines   are   completed,   there  will   be 
temporarily  available  a  maximum  of  2^500  kva,   at   7,0  kv  at  a  transformer 
owned  by  the    St.    Lawrence  River  Power  Company  loc<:.ted  near  Building  No. 
25  at   the   Aluminum  Plant.      It  will  be  possible  to   erect  a  temporary  line 
to   supply  this   power  to  the    contractors   at  Seaway  Village, 

c.      Po\<'er  for  the    constructicn  vjork  in  the  upstream  division 
will  be  available   from  a  high  tension  power   line   of  the  Central   New  York 
Power  Corporaticn    at   Cgdensburg,   New  York.      The  specifications    for  work 
in  this   division  provide   that  the  contractors  are   to  make  all  their  own 
arrangements  with  the   power  company  for  their  requirements, 

d.  Drawings   relating    to   construction  power  are  contained  in 
Appendix  A-1.      Drawing  MBT-l-155/l  is  a   general   plan  of  power  distribu- 
tion showing  both  110  kv  and   6.6   kv   lines,  also  13.2  kv  lines,   if  used. 
Drawing  MBT-1-155/2  shows   constructicn    details   of  the   110  ki^ transmission 
line, 

e.  The  estimated  cost  of  installation  of  a  power  distribution 
system  for  i3re  downstream  division  of  the  project  is  given  below.  This 
cost   is   included  in   Chapter  III   under  Feature   No.    21   (Seaway  Village), 

Transmission  line,   110  kv,   single   circuit, 

H  frame  wood  pole  construction $10,600 

Engineering  and  Contingencies   (about  18^),,,      2,000 

Total $12,600 

6,6  kv  Feeders,.,.... $95,400 

iiigineering  and  Contingencies   (about  18^).,,    17,000 

Total .,,,112,400 

Substation,  25,000  kva  capacity $78,000 

Engineering  and  Contingencies  (about  I851S),,,  14,000 

Total '  92,000 

TOTAL  FOR  POTOR  DISTRIBUTION  SYSTEM |217,000 

f.  The  foregoing  discussion  covers  the   supply  of  construction 
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power  to  all  features  of  the  proposed  project  lying  in  the  United  States, 
and  also  those  features  which  lie  on  both  sides  of  the  international 
boundaiy.  It  is  expected  that  some  of  these  features  will  be  allocated 
for  construction  by  Canada,  with  a  corresponding  reduction  in  require- 
ments for  power  from  the  United  States,  Power  from  Canadian  sources  will 
be  used  for  that  part  of  the  proposed  project  which  will  be  allocated 
for  construction  by  the  Canadian  Government,  Possible  sources  are:   The 
Ontario  Hydro  Conmission,  which  has  power  lines  near  the  site  of  the 
works J  the  Beauharnois  Power  Development  at  Beauharnois,  Quebec;  the 
Shawinigan  Power  Development  at  Shawinigan  Falls,  Quebec;  and  the  Cedar 
Rapids  Development  at  Cedar  Rapids,  Quebec,  A  transmission  line  from 
the  latter  powerhouse  now  passes  near  the  site  of  the  proposed  Canadian 
construction  work  in  the  downstream  division, 

28,  PROCEDURE  PRIOR  TO  INITIATION  OF  CONSTRUCTION.-  ja.  Under 
the  terms  of  the  International  Agreement  of  March  19,  1941,  the  follow- 
ing must  be  accomplished  before  construction  operations  may  be  cOTimencedj 

(1)  Authorization  of  the  project  through  approval  by  the 
Congress  of  the  United  States  and  the  Parliament  of  Canada,  of  the  Agree- 
ment dated  March  19,  1941,  between  the  Governments  of  the  United  States 
and  Canada,  as  published  in  House  Document  No.  153,  77th  Congress,  1st 
Session,  Following  such  approval,  the  Agreement  provides  that  it  shall 
be  proclaimed  by  the  President  of  the  United  States  and  be  ratified  by 
the  King  of  Great  Britain,  and  that  it  shall  enter  into  force  on  the  day 
of  the  exchange  of  the  instirumenfc  of  ratification  and  a  copy  of  the  pro- 
clamation, which  shall  take  place  in  TTashington, 

(2)  Appropriation  of  necessary  funds, 

(3)  Appointment  by  the  President  of  the  American  members 
of  the  Great  Lakes  -  St,  Lawrence  Basin  Commission  proposed  by  the 
Agreement  and  the  confirmation  of  these  appointments  by  the  oenate;  ap- 
pointment of  the  Canadian  members  of  the  Commission  by  the  proper  Cana- 
dian Governmental  authority;  and  organization  of  the  Commission,  includ- 
ing the  establishment  of  an  office  and  employment  of  an  engineering 

and  administrative  staff, 

(4)  Establishment  of  rules  and  regulations  for  the  con- 
duct of  the  Commission  by  exchange  of  notes  between  the  two  Governments, 

(5)  Preparation  by  the  Commission  of  plans  and  specifica- 
tions for  the  const  miction  of  the  project  works  and  transmission  of  same 
to  the  Governments  for  their  approval. 

(6)  Allocation  by  the  Commission  of  the  construction 
works  between  the  two  Governments  as  approved, 

(7)  Designation  of  the  construction  agency  to  build  the 
portion  of  the  project  works  in  each  country, 

(8)  Preparation  of  detailed  working  plans  and  specifica- 
tions by  the  designated  construction  agencies  and  negotiation  of  the 
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coristruotior.  contracts,  -with  the  approval  of  the  Conunission,  for  the 
various  constr\iction  items, 

b.  The  preliminary  plans  and  specifications  prepared  by  the 
District  Engineer  in  connection  with  this  survey  -will  materially  exped- 
ite the  preparation  of  detailed  plans  and  specifications  and  the  award 
of  construction  contracts.   The  procedure  outlined  in  the  preceding  para- 
graph indicates,  hov;ever,  that  some  months  will  probably  ensue  after 
authorization  of  the  project  and  appropriation  of  necessary  funds  before 
construction  contracts  on  essential  features  of  the  project  can  be  award- 
ed or  negotiated  and  actual  construction  operations  commenced,  unless 
special  speed-up  measures  are  instituted, 

c.  The  following  preliminary  work,  most  of  which  will  not 
form  part  of  the  final  project  works,  will  be  required  before  major  con- 
struction can  start, 

(1)  Construction  of  Seaway,  Kew  York,  a  village  for  Fed- 
eral offices  and  employees  engaged  on  the  project;  and  connecting  high- 
ways and  railroads  to  Long  Sault  Dsm  area,  all  as  described  in  Chapter 
III,  Feature  21, 

(2)  Construction  of  a  highway  and  railroad  to  the  Cana- 
'■■ian  poverhouse,  including  a  bridge  over  Cornwall  Canal  at  Lock  19,  as 
described  in  Chapter  III,  Feature  29, 

(3)  Construction  of  a  high  tension  transmission  line, 
substation,  and  distribution  system  for  the  supply  of  power  t6  Seaway 
and  to  contractors,  including  the  purchase  of  high  tension  transformers 
and  electrical  apparatus,  all  as  described  in  paragraph  27b, 

(4)  The  relocation  of  a  portion  of  the  New  York  Central 
Railroad  (Ottawa  Branch),  and  the  Roosevelt  Bridge  highway  belween 
Rooseveltovm  and  Grass  River  Lock,  including  a  combined  highway  and  rail- 
road  bridge  over  the  Grass  River  near  the  lock  site,  as  described  in 
Chapter  III,  Feature  35, 

(5)  Improvement  and  extension  of  the  North  Grass  River 
Ro9d  from  Massena  Center  to  the  Grass  River  Look  site,  presently  in- 
cluded in  the  Grass  River  Lock  contract, 

(6)  Raising  the  transmission  lines  of  the  St.  Lawrence 
River  Tower  Company  at  the  site  of  the  Robinson  Bay  Lock,  as  described 
in  Chapter  III,  Feature  36,   These  lines  must  be  raised  ultimately  to 
provide  the  clearance  required  for  navigation  and  this  should  be  done 
before  construction  of  the  lock  is  started, 

(7)  The  acquisition  of  lands  should  be  carried  forward 
to  the  point  -vrhere  the  United  States  will  have  right  promptly  to  enter 
upon  and  take  possession  of  areas  for  construction  camps,  connecting 
roads  end  railroads,  project  wor^s  having  early  construction  priority, 
etc, 
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(8)     Funds  will  also  be  needed  to  complete  the  detailed 
plans   and  specifications,  perform  model   tests,   and   accomplish  other  en- 
gineering work  which  must  precede  the  awarding  of  the   construction  con- 
tracts for  those  features   of  the  project  having  the   earliest  priorities, 

d.     If  rapid  construction  of  this  project  is  required,   pro- 
vision  should  be  made  for  the  construction  agencies   selected   in  each 
country  to  undertake  the  preliminary  works,  mentioned  in  paragraph  c 
above,  itr.mediately   ratification  of  the   agreement   seems   assured  without 
awaiting  approval  thereof  by  the   Commission,   and  the  necessary  funds 
should  be  made  available  therefor.      The  estimated  cost  of  such  works  on 
the  United  States   side   (except  as  noted)   is  as  follows: 

Seaway,  New  York $5,650,000 

Cbnneoting  Routes   on  United  States  side 392,000 

Access   to   Canadian  powerhouse   (work 

located  in  Canada) ,,, ••..•      568,000 

Power  distribution  to  construction  areas  217,000 

Relocation  of  highway  and   railroad 

between  Rooseveltown  and   Grass  River 

Lock  sitej 

Roosevelt   Bridge  highway ....•..••        89,500 

New   York  Central  Railroad 189,000 

North   Grass  River  Road   improvement   and 

extension.. •• 95,000 

Raising   St,   Lawrence   River  Power  Company 

transmission   lines  at   Robinson  Bay  Lock 

site... 38,500 

Initial  Land  Acquisition,,, , 1,000,000 

Deferred  Engineering  costs   on  features 

with  P-1  priority ,     418,000 

TOTAL  COST $8  ,6&7  ,000 

29,   FORM  OF  SPECIFICATIONS,-  The  mission  of  this  District,  as  set 
forth  in  the  authorizing  directives,  includes  the  "preparation  of  pre- 
liminary plans  and  ^eoifioations,"  Question  arose  as  to  the  fonn  in 
which  specifications  should  be  prepared.  At  the  present  time,  it  cannot 
be  definitely  determined  which  agency  of  the  United  States  will  be  de- 
signated to  negotiate  and  administer  the  contractsj  what  form  of  con- 
tract will  be  used}  whether  some  of  the  work  will  be  done  with  Govern- 
ment plant  and  hired  labor;  what  regulations  governing  contracts  will  be 
issued  by  the  Commission;  and  which  works  will  be  allocated  to  the  Unit- 
ed States  and  which  to  Canada,  Furthermore-,  at  the  present  tiae  laws 
and  regulations  governing  such  matters  are  changing  very  rapidly,   Ao- 
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cordingly,  it  v;as  recognized  that  these  questions  could  not  now  be  settl- 
ed and  all  specifications  v.ere  drafted  on  the  basis  of  award  of  contract 
immedjetely  after  public  advertisement  and  competitive  bidding  under  re- 
gulations of  the  Corps  of  Engineers  as  existing  in  the  summer  of  1941, 
Should  conditions  require,  these  specifications  could  readily  be  modified 
to  meet  changing  regulations  or  to  provide  for  oost-plus  or  other  form 
of  contr&ct,  or  for  construction  by  hired  labor, 

30,   PERSONNEL.-  a,   A  coc.petent  engineering  staff  was  organized 
in  the  St.  Lavrence  P.iv"er  District  for  studies  and  investigation  con- 
tained in  this  report,  A  niimber  of  consulting  engineers  were  engaged* 
Valuable  assistance  was  obtained  from  engineers  of  the  Office  of  the 
Chief  of  Engineers,  U,  3.  Army,  and  of  the  Department  of  Transport  and 
other  organizations  of  the  Dominion  of  Canada,  and  from  the  staff  of 
the  Hydro-Flee  trie  Pov/er  Commission  of  Ontario,  Other  engineers  also 
furnished  information  and  advice.  It  is  not  the  usual  policy  of  the  En- 
gineer Eepertment  to  publicize  the  names  of  persons  assisting  in  its 
investigations.  However,  since  construction  of  this  project  may  be  de- 
layed for  some  years,  it  is  believed  that  a  record  of  the  various  tech- 
nical men  associated  vdth  the  present  investigations,  will  be  of  value. 
Therefore,  a  list  of  the  principal  technical  personnel  associated  with 
the  investigation  is  included  in  Appendix  A-2, 

b.   Due  to  the  increasing  defense  activities,  it  was  antici- 
pated early  in  1941  that  difficulty  would  be  encountered  in  reciruiting 
adequate  end  qualified  personnel,  in  connection  with  construction  of  the 
proposed  project,  especially  in  the  various  engineering  positions.   Pre- 
liminary studies  were  made  to  ascertain  the  best  methods  of  handling  the 
recruiting  problem  in  order  to  develop  a  system  that  v;ould  prevent  bottle 
necks  in  the  construction  from  lack  of  qualified  personnel.   These  stu- 
dies included  conferences  with  the  District-  Manager  of  the  2nd  Civil 
Service  District,  the  local  New  York  State  Employment  Office  and  Offi- 
cials from  the  State  Headquarters,  A  preliminary  schedule  of  personnel 
required  for  the  first  eighteen  months  of  construction  was  ]prepared, 
based  on  annual  expenditures  of  :^35,000,000,  The  number  of  employees 
in  each  of  the  four  services  included  in  the  Classification  Act  of  1923 
was  estimated  on  the  assumption  that  the  overhead  or  Government  cost 
would  be  10  per  cent  of  the  annual  expenditure  or  $3,500,000,  The  fol- 
lowing distribution  of  funds  among  the  four  services  was  then  used  in 
conputing  the  number  of  employe  es  for  each  Division* 

Administrative  Division,,, ISjS 

fhgineari rg  Division, ,,,,, 15^ 

Op erations  Divi sion, , ,,,, , ,68^ 

Land  Acquisition  Division ,,,,,,,,  2% 

The  total  yearly  expenditure  on  this  basis  was  then  divided  by  the  aver- 
age annual  salaries  for  the  various  seirvicea,  as  shown  by  the  Civil  Ser- 
vice Commission  Statistics,  to  determine  the  number  of  personnel  required 
in  each  of  the  four  services.   The  number  of  employees  of  each  grade  of 
the  Various  services  was  then  determined  by  a  ratio  based  on  past  expert- 
enoe,  A  stnnmary  of  the  estimates  of  additional  Government  personnel  re- 
quired follows: 
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Total  -  All  CAF  grades  : 

Total  -  All  P  grades  t 

Total  -  All  SP  grades  : 

Total  -  All  CU  grades  : 

TOTAL  : 


M  Day, 

1  Mo., 

3  Mo., 

d  Mo.,  12  Mo 

.,  18  Mo., Total 

S9   s 

40  , 

81!  , 

«V  ,   67 

,  40   ,   366 

46  : 

52  , 

96  , 

100  :   67 

,24   ,385 

92   t 

134  i 

225  , 

224  ,  126 

,   64   ,   865 

22  , 

20  J 

41  , 

78  ,   45 

,18   ,224 

22'$   : 

246  : 

444  t 

469   ,  505 

,  146   ,1,5S5 

In  addition,   two  recruiting  trips  were  made  by  a  representative  of  the 
District  office  to   establish  relations  with  business  and  civic   leaders,   . 
schools,   and   other  organisations,   to  assist   in  securing   tentative   appli- 
cations  for  the   various  positions.      Applications  that  were   received  as 
the   result    of  these    investigations,  were   classified  and   tentative   selec- 
tions were  made   to  fill  the  positions  that  will   be   available    immediately 
after  authorization  of  construction,      A  follow-up  system  was  established 
to  keep   in  touch  with  the  applicants   and   personnel   records  were  kept  up 
to  date   as  far  as   possible.     However,   in  view   of  the   increasing  employ- 
ment  resulting  from   the  war   effort,    it    is    doubtful  whether  the  employees 
tentatively  selected  would   be   available  for  the  St.    Lawrence   project   if 
it  were  nm^    authorized,     Whfle   ciny  method    of  estimating  the  nurber  of 
persffnel  required   for  positions  would   be  approximate,   it  is   believed 
that   the   proposed   organization  schedule   is    sufficiently  accurate   for  use 
in  the   initial   recruiting.      In  view  of  the   depletion  of  most  Civil  Ser- 
vice  Commission  registers,   the  procedure  of  employing  professional   and 
administration  personnel  in  the  Government   service  is  changing  so  rapid- 
ly that  the  most   desirable  method  for  recruiting   for  the   positions   pro- 
vided  for   on   the   proposed   "M  Day  Charts"  will  be   dependert   upon  the  pre- 
vailing policies   of  the  Civil  Service  Commission  end  the  iTar   Department 
at  comjnen cement  of   construction. 
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CHAPTER  III  -  PROPOSED  PROJECT  TTORKS 


31,  INTRODUCTION.  -  This  Chapter  is  devoted  to  a  detailed  descrip- 
tion of  the  proposed  project  for  the  improvement  of  the  International 
Rapids  Section  of  the  St.  Lawrence  River  for  navigation  and  power  de- 
velopment.  The  proposed  work  is  described  by  Features  as  listed  in  the 
followirg  paragraph.  Under  each  feature  is  a  description  of  its  nature 
and  purpose,  the  work  performed  during  the  course  of  this  investigation, 
a  statement  of  the  present  status  of  the  design  and,  v.-here  applicable,  a 
statement  of  the  work  remaining  to  be  performed  before  contracts  for  the 
construction  of  the  feature  could  be  awarded.   The  description  of  each 
feature  includes  a  brief  estimate  of  cost.  More  complete  cost  estimates 
for  the  project  as  a  whole  are  included  in  Chapter  IV  and  in  Appendix 
IV-O,  and  detailed  cost  estimates  for  a  nx^mber  of  the  features  are  in- 
cluded in  -the  Appendices  pertaining  to  the  features.  Appendices  are 
also  submitted  containing  the  contract  plans,  specifications  and  analy- 
ses of  design  for  those  features,  the  design  of  which  has  been  completed, 

32,  LIST  OF  FEATURES.  -  The  proposed  project,  including  the  neces- 
sary accessory  work,  has  been  divided  into  39  Features,  each  of  which 
forms  a  more  or  less  complete  work  item  which  will  be  considered  as  a 
unit  and  discussed  in  this  report.   The  list  of  features,  beginninj^  at  • 
the  upstream  end  of  the  project  area,  is  as  follows: 


Feature: 

No,   : 


Description 


Mile 


Remarks 


!•    Channel  Work,  vicinity 
of  Galop  Island 


67-74 


Includes  all  work  in 
vicinity  of  Galop 
Island. 


2*  Galop  Island  Ice  Cribs, 

Groups  A,  B,  and    C. 


69-71 


3.  Channel  Work,  74-76,5 

Sparrowhawk  Point  Cut, 
Toussaints  Island   Cut, 

4,  Iroquois   Dam  and   Dikes.  77-78 

5«  Alteration   of  Lock  25  77,5 

and  Attached   Dikes 


6,  Rehabilitation   of  ^78 
Iroquois,   Ontario.                    ~ 

7,  Point   Rookway  Canal  and  76,5-81 
Approach  Channels. 


Includes  all  work  in 
canal   except   lock  and 
attached   dikes 


*   Miles   from  Tibbetts Point,   see   plate  M-III    (bound   herein), 
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Feature 

Fo, 

• 
• 

t      Description 

1 

t       Mile   1 

t 

t         Remarks 

8. 

Point  Rockway  Lock  and 
Attached  Dikes, 

79.7-80.3 

9. 

River  Work  between 
Point  Three  Points 
and  Canada  Island. 

79.5-85 

10, 

Rehabilitation  of 
Waddington,  N,  Y. 

2^8  S.  5 

11. 

Rehabilitation  of 
Morrisburg,  Ont, 

84.6-86 

12. 

Relocation  of  United 
States  Highways  be- 
tween Waddington  and 
Massena. 

83.5-100 

Including  bridges. 

» 


13, 


14. 


15, 


16. 


17. 
18, 
19. 
20. 


Relocation  of  Norwood       84-85,5 
and  St.    Lawrence  Rail- 
road, 

Dikes   on  U.    S.    side  89-96 

between  Waddington  and 
Croil  Island, 

Massena  Canal  Intake.   96-99,6 


Long  Sault  Canal  in^    97.107,4 
eluding  Dikes  Kos,  1, 
3,  5  and  6,  and  down- 
stream approach  channel. 


Long  Sault  Canal  Guard  ^101 ,4 
Gate  and  Dike  No,  2     "" 


Including  bridges. 


Including  Canal  Dike 
and  Richards  Landing 
Dike. 

Includes  all  work  in 
connection  with  the 
Long  Sault  Canal  ex- 
cept the  looks,  guard 
gate  and  attached  dikes. 


Robinson  Bay  Look  and 
Attached  Dikes, 

Robinson  Creek  Drain- 
age Ditch. 

Grass  River  Lock  and 
Attached  Dikes. 


102.5-103,4 

103-103,2 

106,1-107 


Drainage  ditch  for  area 
cut  off  by  dikes. 
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Fea-turej 


Description 


Mile 


Remarks 


21.  Seaway  Village  and  101-104 

Access  Routes  on  the 
United  States  side, 

22*  Long  sault  Dam  and  100-103,6 

Attached  Dikes, 


Construction  camp  for  U,   S, 
employees. 


Including  changes  in  Look 
21  and  all  river  diversion 
work  across  Long  Sault 
Island  required  during 
construction. 


24. 


25. 
26  • 

27. 


28. 


29. 


Barnhart  Island   South 
Forebay  Dike, 


Barnhart  Island  power- 
house. 


Minor  Dikes,  Canadian 
Side 

New  Cornwall   Canal 
Dike  and  Drainage 
Ditoh 

Relocation  of  Conwall 
Canal. 


Sew  Cornwall  Lock, 
Guard  Gate,  and  Part 
of  Attached  Dikes, 

Railway  and  Highway  to 
Barnhart  Island  Power- 
house from  Canadian 
Side, 


104-105,8   Dike  extending  from  U.  S, 
Powerhouse  to  high  land 
near  center  of  Island, 

105,5-106,6  Including  generating 

equipment,   step-up  trans- 
formers and  high  tension 
leads,   switch  gear  and 
switch  yards,     (Note  that 
the   transformers  and  high 
tension  equipment  listed 
do  not  form  part  of  the 
"project"  and  are  not 
included  in  the  project 
estimates.     They  are   to  be 
provided  by  and  at  the 
expense   of  the  operating 
agencies,) 

101-104,5       Minor  detached  dikes  north 
of  Bergen  LedA, 


104,5-106.6 


105,6-106,8  All  work  in  connection 

with  relocation  of  Cornwall 
Canal  except  lock  end  guard 
gate, 

106-106,5 


106,-108 
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Includes  all  work  to  con- 
struct permanent  access 
railroad  and  highway  to 
Canadian  Powerhouse, 


Feature! 
No,        : 


Description 


Mile 


Remarks 
^con'd) 


30* 
31, 
32. 


33* 


34. 


35. 


36, 


37, 


3>1. 


39, 


Relocation  of  Canadian 
National  Railway, 

Relocation  of  Kings 
Highway  No,   2, 

Channel  improvements 
below  Barnhart   Island 
Powerhouse, 


Improvement   in  Soulh 
Channel  below  Mile 
107.4. 


Cornwall  Channel   En- 
largement, 


Relocation  of  Ottawa 
ri vis ion  of  the  New 
York  Central  Railroad 
end   Roosevelt  Highway, 


Relocation  of  Trans- 
mission Lines  of  St, 
Lawrence  River  Power 
Co, 

Lands  and  Easements  in 
the  United  States 

Lands  and  Easements  in 
Canada, 


Clearing  of  Flowage 
Areas, 


76-106 


76-105 


105,5-107 


including  bridge  across 
Cornwall  Canal, 

Including  bridges. 


107,4-114 


108-110 


Includes  channel  work 
between  downstream  arm 
of  powerhouse   cofferdeun 
and  Pollys  Gut, 

Includes  all   channel 
improvement  work  in 
south  channel  exclusive 
of  approach  to  Grass 
River  Look, 

Inclxxies  all  work  in 
north  channel  downstream 
from  Pollys  Gut. 


106.2-108.7     All  work  in  connection 
with  relocation  of  New 
York  Central   Railroad  in- 
cluding bridges.     Includes 
all  work  in   connection 
with  relocation  of  toll 
road  across  south  channel 
except  bridges.      Grass 
River  and  Pollys  Gut  Bridges 
v/ill  be  combined   railroad 
and  highway  structures, 

100-106 


67-114    Includes  minor  villages, etc. 


67-114 

67-106,5 
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Inolxades  minor  villages, 
etc. ,  but  excludes  Iroquois 
and  Morrisburg, 


33.   SEQUEMCE  OF  CONSTRUCTION.^  _a.   The  individual  features  of 
work  which  comprise  the  proposed  St.  Lawrence  River  project  are  located 
at  intervals  along  the  entire  length  of  the  International  Rapids  Sec- 
tion.  The  river  is  at  present  developed  for  navigation  over  a  channel 
affording  a  controlling  depth  of  14  feet,  and  for  the  supply  of  power 
and  other  purposes  at  several  industrial  developments  within  the  area. 
It  is  essential  that  the  more  important  of  these  facilities  be  maintain- 
ed during  the  construction  period.   The  magnitude  of  the  proposed  St. 
Lawrence  River  project,  the  number  of  interrelated  work  items,  and  the 
effect  of  the  construction  on  the  present  facilities,  make  it  imperative 
that  a  coniprehensive  schedule  be  developed  and  followed  throughout  the 
building  period.  By  the  proposed  construction,  the  present  river  will 
be  transformed  into  a  pool  which  will  extend  throughout  the  major  portion 
of  the  International  Rapids  Section  and  will  affect  the  regime  of  the 
entire  section.  The  pool  will  be  raised  in  stages,  each  stage  affecting 
one  or  more  details.   Some  items  require  completion  before  the  sites  are 
submerged,  some  can  be  more  readily  accomplished  in  the  dry  or  behind 
low  cofferdams  before  the  water  is  raised,  a  few  require  completion  to  as- 
aist  in  maintaining  present  facilities,  temporarily  or  permanently,  and 
others  car  be  more  readily  performed  after  the  pool  has  been  raised  suf- 
ficiently to  permit  more  effective  operation  of  floating  plant.   After 
completion  of  the  project,  the  present  navigation  facilities  will  be 
replaced  or  otherwise  provided  for,  and  provision  will  have  been  made  to 
restore  or  continue  other  facilities  affected.   In  scheduling  operations, 
the  availability  and  distribution  of  construction  equipment,  particular- 
ly dredging  plant,  must  also  be  considered. 

b.   Navigation  now  proceeds  through  the  Intenaational  Rapids 
Section  7"so©  paragraph  7a)  by  means  of  the  following  marginal  canals 
which  by-pass  the  mpidsHand  reaches  of  swift  water*   The  Oalop  Canal 
around  the  Galop  Eapfrfs  and  swift  water  downstream  to  the  town  of  Iro- 
quois {  the  Rapide  Plat  (Morrisburg)  Canal  around  the  Rapide  Plat|  the 
Parran's  Point  Canal  around  the  swift  water  at  the  head  of  Croil  Island} 
and  the  Cornwall  Canal  around  the  Long  Sa^jlt  Rapids  and  the  swift  water 
downstream  to  a  point  below  Cornwall,  Each  of  these  canals  will  be  af- 
fected during  the  construction  period,  particularly  the  Cornwall  Canal, 
which  extends  pest  the  sites  of  both  the  Long  Sault  Dam  and  the  Bamhart 
Island  Powerhouse.   See  Plate  U-1, 

0.   The  present  Corawall  Canal  will  be  altered  for  use  during 
oonstructi'on  and  after  the  project  is  in  operation,  by  closing  the  canal 
in  the  vicinity  of  the  Bamhart  Island  powerhouse  left  abutment  and  pro- 
viding alorg  the  left  bank  a  by-pass  canal,  including  a  new  lock  and 
dikes,  extending  from  the  powerhouse  forebay  downstream  to  a  point  in 
the  old  canal  just  tjpstream  from  Lock  No,  19,  e  distance  of  about  one 
mile.   Creation  of  the  upper  pool  prior  to  the  completion  of  this  new 
work  would  cause  deunage  to  the  canal  and  looks  downstream  from  the  power- 
house by  flooding,  and  would  probably  also  result  in  flooding  and  ex- 
tensive damage  to  the  town  of  Cornwall,   Flooding  of  the  existing  canal 
above  the  p<werhou3e,  after  the  aforementioned  new  works  are  completed, 
but  before  navigation  can  be  routed  through  the  Bamhart  Island  North 
Channel  in  the  3t,  Lawrence  River  proper,  would  create  a  serious  hazard 
to,  and  probably  interrupt,  present  navigation  by  submerging  the  existing 
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canel    dikes   and  structures.      The  several   stages   of  const ruction   during 
which  that  portion  of  the   Cornwall  Canal  above  the  powerhouse  must  be 
protected  and  the  measures   proposed  to  be  taken   are   as  follows: 

(1)  During  the   second  stage   of  construction  of  the  Long 
Sault   Dam   (see  paragraph   33h(2))   the  flow  through  the   Long  Sau It  Island 
diversion   cut  will  raise  the"  tpper  pool   at  Lock  21  at   the   head  of  the 
Cornwall  Canal   (about  5  miles  above  the  powerhouse),  to  an  elevation 
which  will   interfere  with  navigation  by  flooding  the   canal   dikes  and 
structures.     Prior  to  that  time,  therefore.    Lock  21  and  the   Cornwall 
Canal  banks   down  to  Sheek  Island    (about   4  miles  above   the   powerhouse) 
must  be   raised  to  protect   the   part   of  the   canal   above  the  upstream  Long 
Sault   Dam   cofferdam  against    flooding    and  to  provide  for  the    conditions 
explaired  below, 

(2)  During  the  early  closure  period   of  the  Long   Sault   Dam 
(third  stage  of  ccnstruction) ,  the  water  surface  at  the   dam  will  be  rais- 
ed by  stages   to  elevation    209,      The  work  previously  performed  in  raising 
Lock  21.  and  the   canal  bank  to   Sheek  Island  will  protect   the   oanal  above 
Sheek  Island,      The   upper   powerhouse   cofferdam,   located  between  Bamhart 
Island   and  Sheek  Island,  will  be    raised  to  elevation   213  to  protect  the 
canal  below   Sheek  Island    against  flooding, 

(3)  During   the  later    part   of  the  closure  period   of  the 
Lon^^   Sault   Dam,  the   pool  'will   first  be   raised  to  elevation  225,  and  then 
to  elevation    235.      Prior  to   creation   of  the   pool   at   elevation  225,    the 
new  Cornwall    Canal  and    Lock  vill  be    in  operation   and  the  present   oanal   at 
the   powerhouse    left     abutment  T»fin   be  closed.      Upon  creation  of   the  pool 
at  elevation   225  or  higher,  the   14-foot   navigation  can  either  be  trans- 
ferred to  the  TIew   Long   Sault    Canal   on  the  United   States   side,   or   can  be 
resumed  in  the  Caradian  canal  system,   provided  the   split  in  the  upper 
gate  of  the    New   Cornwall  Canal  Lock,    described  in  paragraph  62c(l),   is 
placed  at   elevation  211,     By  either  method,    interruption  to  navigation 
will^not  exceed  one  week  or  ten  days, 

d.  The  Farran' s  Point  Canal  will  be  flooded  when  the   pool   is 
raised  to^about  elevation   207.     Hov;ever,   no  temporary   constnjction  meas- 
ures v/ill  be  required  since  the  increased  cross  sectional  area  of  chan- 
nel  from  the  higher   stage  and  the   decreased   slope  will  lower  the  river 
velocities   sufficiently  to  permit  navigation  through  the  open  river  chan- 
nel  at   elevation  207   or  higher, 

e.  Lock  23,  the  dovmstream  entrance  to  the  Rapide  Plat    (Morris - 
burg)   Canal,  will  be   flooded  when  the  pool  is  raised  to  elevation   225« 

It  will  be  necessary  to  complete  the   excavation  of  the  Ogden  Island  west, 
middle  and  east   cuts    (Featm'e  No,   9)    prior  to  the    creation  of  this    pool 
in  order  to  permit  navigation  to   use   the   open  river  channel, 

f.  Look  25,  the  lower  entrance   to  the   Galop  Canal,  will  not  be 
affected  ^y  the  raising    of  the  pool  until  the  water  is  raised  to   operat- 
ing level,   elevation   238,     However,  the   natural  control  caused  by  the 
constricted  cross  section   at  Point     Three  Points  must    be   retained  until 
the  pool   has  been  raised  nearly  to    this   level.     Otherwise  the  flattened 
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slopes  resulting  fran  excavation   in  the  Ogden  Island  section  would  reduce 
the  depth  on  the   lower  sill  at  Lock  25  to  a  point  where  14-foot  navigat- 
ion conald   not   be  maintained.      The    Galop  Canal  will  not  be   affected  by 
the  raising  of  the    pool.     However,    after  the   river   is   closed  by  the 
construction   of  the  Iroquois  Dam,  down-bound  navigation  could  not  use 
the  open  river  between  Lock  28  and  Iroquois,  Ontario,  as  at  present,  but 
will  be  required  to   continue  down  the  catial  and  re-enter  the  river  at 
Lock  25,      The   excavation  of  the   new   cuts  throu^   Galop  Island  and  the 
Galop  Rapids  will  be  planned  so   that  no  material   enlargement   of  the   hy- 
draulic capacity  of  this    section  will  occur  \mtil  construction  of  Iro- 
quois   Dam  is  advanced  to   the    point   where   it   can  control  the   flow  of  the 
river.      Lowering  of   the  water    levels    of   Lake   Ontario  and   the    Thousand 
Islands   Secticc  will   thus  be   prevented,  and  navigable   levels    in  the   Gal- 
op Canal   above  Lock  27  will  be  maintained  tintil  the  Point  Roc kw ay  Look 
is  completed, 

g.     The  Massena  Power  Canal  serves  the  Aluminum  Company  of 
jtoerica,  tFe  major  power  and  industrial   development  along  the  river. 
The  nation's  need  for  aluminum  makes  it  mandatory  that   the  operation  of 
this  canal  be  mairtalned.     Therefore,   the  construction  of  the  new  Masse- 
na Canal  Intake  ^Vorks  must   be  so  scheduled  that   operation  of  the  canal 
will  not   be    interrupted  by  changes   in  water  levels.     It  will  be   necessary 
to  abandon  the  Sheek  Island  Powerhouse   at  the   beginnirg   of  construction. 
The    other   power  and  industrial   facilities   obtain  water  from  the  Cornwall 
Canal  below  Look   20  and  will  not  be  affected  provided  the  necessary  water 
is  passed  through  the   Coriwall   Canal   System, 

h.      The  construction  of   the  Long   Sault    Dam  has  been  scheduled 
for  oanpletion   in  about   4  years,   in  accordance  with  the  progress  pro- 
posed for  the  Barnhart  Island  Powerhouse,      This    schedule  requires  con- 
tinuous  corstruotion,  ^hich  is  expected  to  be  possible  since  there  is 
no  seasonal  flood   problem.     However,   ice   conditions  will  preclude  per- 
forming some    of   the  work  during  the  winter  months.      It  will  be  necessary 
to  place  the  cofferdams  during  the   spring  or  fall  periods,  and  it  is  ad- 
visable to  make   final   closure   daring  the  ice  free  season.     With  ttie  ex- 
ception of  these  two    itons,  the  time  required  for  each  phase  of  the 
operations  is   roughly  proportional  to  the  volume   of  work  involved.     The 
following  sequence   of  construction  is   proposed: 

(1)  First  Stage.-  The  completion  of  the  south  seotion 
of  the  dam.     Water  levels  in  the  river  will  not  be  disturbed  except  at 
points  near  the   dam  in  the   channel  south  of  Long  Sault    Island,      Time  re- 
quired is  approximately  15  months, 

(2)  Second   Stage <w     The  const iruoti on  of  the  north  seo- 
tion of  the  dam,'    The  flow  in  the  North  Sault  Channel  will  be  diverted 
across  Long  Sault  Island  and  the  pool  raised  to  elevation  of  about  206*5 
at  Lock  21,     Time  required  is  approximately  two  years, 

(3)  Third  Stage,-     The  olosure  of  the  structure  aid 
progressiva  raising  of  ■fehe  pool  from  elevation  206,5  to  238^,  completing 
the  Long  Sault  Dmu    Time   required  is  approximately  six  montlTsc 
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34,  WORK  SCHEDULE. «»  It  is  planned  that  the  proposed  project  v.-ill 
be  completed  within  the  4-year  program  to  the  extent  of  providing  a  27- 
foot  navigable  channel,  and  installing  3  generating  units  of  55,000  KVA 
each,  in  each  half  of  the  powerhouse.  Additional  generating  units  in 
each  half  can  thereafter  be  available  for  operation  at  intervals  of  4 
weeks.  The  work  schedule  for  the  individual  features  has  been  arranged 
to  meet  the  requirements  of  the  interrelation  of  the  items,  of  the  time 
for  construction  of  each  phase,  and  of  the  probable  availability  of 
equipment.   The  powerhouse,  being  the  largest  single  item  and  requiring 
the  longest  construction  period  will  govern  the  project  schedule.  Its 
progress  will  establish  the  time  at  which  the  pool  can  be  raised  by  the 
closure  of  the  Long  Sault  Dam,  The  progress  on  the  Long  Sault  Dam,  in 
tura,  will  govern  the  raising  of  the  pool  arri  thus  control  the  con- 
struction of  the  numerous  other  features  dependent  on  pool  stt^es,  A 
list  of  contracts  for  all  items  of  the  proposed  St.  Lawrence  River  pro- 
ject is  included  lander  "Contracts"  in  Appendix  111-0(3),  It  is  to  be 
noted  that  the  contract  numbers  do  not  agree  with  the  feature  numbers 
used  throughout  the  rest  of  this  report.  However,  they  do  correspond 
with  the  items  of  work  as  set  up  in  the  plans,  specifications  and  de- 
sign ai»lyses.  Appendix  111-0(3)  also  includes  under  "Contracts"  a  con- 
struction program  based  on  completion  cf  the  project,  to  the  extent  de- 
scribed above,  in  four  years  from  the  date  of  commencement  of  work,  and 
on  the  assumption  that  work  is  started  in  the  spring.  If  comraenced  at 
other  seasons,  some  adjustment   of  the  program  will  be  required.   The 
program  is  also  based  on  accomplishing  approximately  4,600,000  cubic 
yards  of  dredging  in  each  of  the  four  years.  If  sufficient  equipment 
cannot  be  secured,  adjustments  in  the  dredging  schedule  will  be  needed. 
In  such  a  case,  some  of  the  dredging,  as  the  removal  of  Morrioburg  Canal 
bank,  etc.,  can  be  deferred.   Concrete  corGtruction  during  the  winter 
season  is  contemplated.   This  procedure  may  not  be  necessary  in  the  case 
of  certair  structures,  as  for  instance,  Point  Rockway  Lock,   The  chart 
of  the  construction  program  does  not  include  the  time  needed  for  procure- 
ment of  materials  and  equipment,  llith   regard  to  generating  units,  it  is 
contemplated  that  the  first  three  units  will  be  ready  in  each  powerhouse 
at  the  end  of  the  fourth  year,  and  thereafter  one  unit  will  be  completed 
each  month  in  the  American  powerhouse,  Additional  units  in  the  Canadiaa 
powerhouse  can  be  installed  as  required.   In  the  development  of  the  pro- 
posed project  schedule,  the  foregoing  conditions  as  affecting  each  phase 
were  considered  and  each  fea+ure  was  assigned  to  one  of  four  priority 
groups.  The  basis  for  the  priority  assignnients  is  explained  below, 

a.   Priority  F-0,-  Preliminary  organization  and  construction, 
either  temporary  or  permanent ,  v;hich  must  be  accomplished  prior  to  or 
during  the  early  stages  of  construction.   This  classification  includes 
housjng  and  office  facilities,  access  roads,  bridges,  and  other  facili- 
ties necessary  for  the  delivery  of  equipment  and  materials  to  the  sites 
of  the  work.  The  following  features  are  included: 

(1)  Seaway  Village  (Feature  No,  21), 

(2)  Access  highways  and  railroads  included  in  the 
various  structural  contracts, 

(S)  Bridges  for  access  routes, 
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(4)  Aocess  to  the  site  of  the  Canadian  Powerhouse 
(Feature  Ko.  29). 

(5)  Relocation  of  portions  of  the  Kew  York  Central  Rail- 
road, including  constnjction  of  the  Grass  River 
Bridge,  and  relocation  of  part  of  the  Roos'?!velt 
Highway  (Feature  No.  35), 

Since  the  aforementioned  items  must  be  canpleted  prior  to  the  beginning 
of  construction  o^  the  project  proper  in  order  to  provide  for  the  core 
of  personnel  and  to  permit  trnrsportaticn  of  equipment,  materials,  and 
employees  to  the  v-ork  sites,  they  have  been  assigned  priority  over  all 
others,  l^e   priority  for  Grass  River  Bridge  is  based  on  the  premise 
that  the  construction  of  navigation  facilities  will  be  undertaken  at  the 
same  time  as  the  other  fen-<ures, 

b.  Priority  P«-l.-  Permanent  project  works,  the  construo- 
tioR  of  which  must  bo  started  immediately  after  authorization  of  th^  pro- 
ject.   They  consist  of  items  whioh  require  early  completion  or  which 
have  long  construction  periods.  The  following  are  included, 

(1)  Channel  Work,  Chimney  Point  to  Lalone  Island 
(Ferture  Fo,l),-  This  involves  cotsiderable  work  in  the  present  naturd 
control  v.;hich  regulates  the  discharge  from  Lake  Ontario,  and  it  is  high- 
ly important  that  the  progress  of  the  work  be  scheduled  so  that  this 
natural  control  is  not  rendered  ineffective  until  the  Iroquois  Bam  is 
available  for  use  as  the  control  structure.   The  work  on  this  featur^^  is 
not  otherwise  appreciably  affected  by  varying  pool  stages  nor  by  any 
other  v.ork.   The  item  is  classed  as  first  priority  because  of  the  large 
quantity  of  work  involved  and  the  length  of  time  required  for  its  com- 
pletion, 

(2)  Sparrowhawk  Point  Cut  (Feature  No,  3),-  This 
feature  is  affected  by  other  work  because  a  part  of  the  dredging  is  pro- 
posed to  be  performed  after  the  pool  has  been  raised  sufficiently  to  per- 
mit more  effective  maneuvering  of  the  consti*uction  plant,  A  large  part 
of  the  ""Aork  can  be  accomplished  during  the  early  stages  of  the  project. 
The  copipletion  of  such  work  is  desirable  in  order  to  release  equipment 
for  other  work.  Because  of  the  large  volvme  of  exoevation  to  be  perform- 
ed, this  work  should  be  expedited, 

(3)  Iroquois  Dam  and  Dikes  (Feature  No,  4),-  Opera- 
tions on  the  Iroquois  Dam  and  appurtenant  dikes  will  not  be  directly  af- 
fected by  changes  in  pool  levels  resulting  from  the  Long  Sault  Dam  con- 
struction until  the  third  stage  is  reached.  However,  early  completion 
of  the  Irocuois  Dam  is  desirable  because  the  structure  will  provide  the 
ultim&te  control  of  the  discharge  of  Lalce  Ontario  and  therefore  must  be 
completed  before  the  work  upstream  of  the  dam  has  reached  the  sta^e  at 
which  the  existing  natural  control  is  no  longer  effective.  Its  early 
coLipletion  is  also  desirable  in  order  to  provide  a  measure  of  control 
over  high  river  discharges  during  the  closure  of  the  Long  Sault  Dam,  and 
thus  reduce  consti*uotion  difficulties.   The  Iroquois  Dam  has  been  assign- 
ed first  priority  and  scheduled  for  completion  during  the  first  2^  years 
of  the  construction  period, 
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(4)  Point  Rockway  Look  (Feature  No,  8),-  It  is  desired 
that  this  lock  be  available  for  use  before  operation  of  the  Iroquois 
Dam  is  begun.   Navigation  could  thus  use  the  lock  as  soon  es  the  pool  is 
raised  to  elevation  225. 

(5)  Massena  Canal  Intake  end  Appurtenant  Works  (feature 
No,  15),-  The  new  intake  structure  must  be  completed  during  the  first 
stage  of  construction  of  the  Long  Sault  Dam  and  before  the  cofferdams 
for  the  second  stage  are  completed,  so  that  the  discharge  into  the  can- 
al can  be  regulated  T»hen  the  pool  is  raised  above  the  normal  range, 

(6)  Long  Sault  Canal  Excavation,  Grass  River  Lock  3x- 
oavation.  Dikes  Kos.  1,  3,  5  and  6  (Feature  No,  16)  and  Drainage  Ditches 
(Feature  No,  19),-  During  the  closure  of  the  Long  Sault  Dam,  naviga- 
tion will  be  maintained  in  the  present  Cornwall  Canal  until  the  pool 

is  raised  above  elevation  209,   The  Cornwall  Canal  will  then  be  closed, 
the  pool  raised  rapidly  to  elevation  225,  and  14-foot  navigation  on  the 
Canadian  Canal  system  will  be  routed  through  the  new  Long  Sault  Canal 
and  Locks,   Conrdderable  quantity  of  work  is  involved  in  the  cai  al  and 
lock  excavation.   This  work  must  be  commenced  at  an  early  date  in  order 
to  complete  the  canal  and  lock  construction  by  the  desired  time,  and  to 
enable  excavation  of  certain  portions  in  the  dry.   The  contract  will 
incli  de  the  drainage  ditch  south  of  Long  Sault  Guard  Gate  and  other 
drainage  in  connection  with  the  construction  of  the  canal, 

(7)  Robinson  Bay  Lock,  Dike  No,  4  and  Adjacent  Portion 
of  Dike  Fo,  3  (Feature  No,  18),-  ^s   stated  in  (6)  above,  it  is  neces- 
sary for  the  Long  Sault  Canal  to  be  in  operation  prior  to  creation 

of  the  pool  above  elevation  209,   In  order  that  this  may  be  acconplished, 
the  construction  of  Robinson  Bay  Lock  must  be  expedited,  as  suitable 
material  from  the  look  excavation  will  be  used  in  the  dikes,  construc- 
tion of  the  latter  will  progress  with  ihe  lock  and  must  be  completed, 
before  creation  of  the  pool, 

(8)  Grass  River  Lock  and  Dikes  7  and  8  (Feature  No,20),- 
This  item  is  a  part  of  the  Long  Sault  Canal  system  and  early  completion 
is  necessary  in  order  tha^  tl^ie  canal  can  be  in  operation  when  the  pool 

is  raised, 

(9)  Long  Sault  Dam,  Dikes,  and  Channels  (i^'eat  ure  No« 
22),-  The  Long  Sault  Dan  is  one  of  the  major  structures,  second  in 
size  and  importance  only  to  the  powerhouse.  Therefore,  this  item  is  a 
first  priority  structure,  scheduled  for  completion  at  the  earliest  date 
con>p&tible  with  the  progress  of  the  pov;erhouse.   The  construction  sched- 
ule of  the  Long  Sault  Dam  is  described  in  paragraph  33c, 

(10)  Barnhurt  Island  South  Forebay  Dike  (Feature  No,23),- 
This  work  is  a  part  of  the  powerhouse  and  should  be  completed  before  the 
pool  is  roised  above  elevation  210,  since  the  upstream  cofferdams  protect 
the  powerhouse  area  only  up  to  this  pool  elevation.   The  fill  can  be  ob- 
tained from  material  excavated  from  the  powerhouse  site  and  the  construc- 
tion conforms  to  that  of  the  pov;-?rhouse, 

(11)  Bamhart  Island  Powerhouse  (i'eature  No,  24),- 
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This  is  the  largest  single  item  of  the  projeot  and  requires  the  longest 
time  for  const  motion.   In  considering  the  stage  of  completion  neoes- 
saxy  for  the  powerhouse  before  creation  of  the  pool,  several  important 
factors  must  be  considered.   Among  these  factors  is  the  provision  of 
the  International  Agreement  that  all  structures  will  be  designed  for  a 
maximum  water  surface  elevation  of  249.   An  understanding  should  be 
reached  that  during  stages  of  construction,  and  for  sometime  thereafter, 
the  powerhouse  will  not  be  subjected  to  pressures  from  water  surfaces 
greater  than  that  of  the  initial  pool  permitted  by  the  Agreement i  name- 
ly, elevation  238,   This  head  should  then  be  used  in  computing  the  sta- 
bility of  the  partially  completed  sti*ucture.   To  advance  the  date  of 
raising  the  pool,  consideration  should  be  given  to  omitting  the  speed 
rings  aid  the  concrete  scroll  cases  of  all  the  later  units  from  the  first 
construction.   Then  with  head  gates  or  stop  logs  placed  in  the  head  gate 
slots,  the  stability  of  the  structure  will  be  ample  under  the  head  of 
the  reduced  pool.  Raising  of  the  pool  could  be  started  upon  completion 
of  the  powerhouse  by  the  method  and  with  the  exception  as  noted  herein. 

(12)  Powerhouse  Mechanical  and  Electrical  Equipment 
(Feature  No,  24),-  This  includes  turbines,  governors,  generators,  etc,, 
items  which  are  not  required  until  the  powerhouse  is  partially  completed. 
However,  because  of  the  long  time  required  for  their  manufacture,  the 
contract  for  their  construction  must  be  awarded  promptly. 

(13)  New  Cornwall  Canal  (Feature  No,  27)  and  New  Cora- 
wall  Look  and  Guard  Gates  (Feature  No,  28),-  The  ultimate  function  of 
tnese  items  is  to  provide  a  link  between  the  Cornwall  Canal  below  the 
powerhouse,  and  the  pool  above  the  powerhouse.   This  item  must  be  comp- 
leted at  «n  early  date  for  use  of  navigation  at  the  present  cemal  level, 
and  work  on  the  powerhouse  dike  across  the  present  canal  must  be  com- 
pleted prior  to  creation  of  the  pool.   In  order  that  the  powerhouse  dike 
aeross  the  present  canal  may  be  completed  without  hindrance  to  naviga- 
tion before  the  pool  is  raised  sufficiently  to  endanger  the  canal  below 
the  powerhouse,  the  new  canal  will  be  provided  with  an  entrance  into  the 
present  canal  above  the  powerhoise,  and  the  upper  sill'  of  the  new  lock 
will  be  placed  low  enough  to  permit  the  use  of  the  new  lock  at  present 
canal  levels*   The  upper  gate  will  be  a  split  gate  so  that  after  the 
pool  is  raised  the  lower  sections  will  be  left  in  a  closed  position.  Dur- 
ing the  first  winter  season  thereafter,  they  will  be  removed  and  the  sill 
raised* 

c.   Priority  P-2,-  Permanent  works,  the  construction  of  which 
may  be  deferred  imtil  the  P-1  project  works  are  in  progress,  but  'vhich 
must  be  completed  before  the  pool  is  raised  to  operating  level.   This  in- 
cludes the  following  features: 

(1)  Toussaints  Island  Cut  (feature  No,  3),  -  This  work  is 
independent  of  other  construction.   However,  it  is  more  economical  to 
perform  the  excavation  in  the  dry  prior  to  the  raising  of  the  pool,  and 
the  dredging  after  partial  raising  of  the  pool.   The  excavation  will  be 
of  long  duration  because  of  the  large  quantity  of  material  involved. 

(2)  Alteration  of  Lock  25  and  Attached  Dikes  (Feature  No»5),. 

-80- 


Although  scheduled  for  the  early  stages   of  project  oonstiruotion,  the 
work  involved  in  raising  lock   25  is   of   short  duration  and  could  be  de- 
layed until  the  winter  season  just   prior  to  comp^tion  of  the  Iroquois 
Dam,      The  work  on  the   locks   should   be  performed  during  the  winter  season 
so  that   navigation  will  not  be  interrupted.      The  earth  fill  on  the  ad- 
jacent canal  bsuiks  may  be  made  during  the  summer  months, 

(3)  Rehabilitation  (Features  Nos,   6,  10,  and  11),-     This 
work  which  comprises  rehabilitation  of  Iroquois  and  Morrisburg,  Ontario, 
and  ""vaddington.  New  York,  can  be  accomplished  during  the  intermediate 
stages  of  the  project, 

(4)  Leishmans  Point  and  Ogden  Island   Cuts  (Feature  No«9)«- 
Completion  of  a  portion  of   the  Ogden  Island  cuts  is  required  prior  to 
the   closure   of  the  Long  Sault  Dam  to  permit  navigation  through  the  riv- 
er channel  v;hen  the  Morrisburg  Canal    is  flooded.     With  this  exception, 
the  work  need  not  bo  completed  prior  to  the  final   raising  of  the  pool* 
The   schedule  of  the  work  is   governed  to  some  extent  by  the  economic  ad- 
vantages  of  performing  certain  excavations  in  the  dry,  behind  low  coff- 
erdams, before  the  pool  is   raised,  and  of  performing  dredgir^  work  after 
the   pool  has  been   raised  sufficiently  to  permit  better  maneuvering  of 
plant, 

(5)  Canada  Island  Cut   and  Removal   of  Morrisburg  Canal 
Dike   (Feature  No,   9),-     This  work  can  be   deferred  until  the  pool  is 
raised  sufficiently  to  permit  up-bound  14-foot  navigation  to  use  the 
open  river.     However,  because  of  the  volume  of  work  involved,   initiation 
of  construction  should  not  be  unduly  delayed, 

(6)  Point  Three  Points  Cuts   (Feature  No,  9),-     The 
Point   Three  Points   reach   forms  a  natural   river  control  which  partially 
governs  the  water  surface  at  the  foot  of  Lock  25,     The  natural  control 
must  be  maintained  so  as  to   provide  navigable  depths  at  Look  25  until 
either  the  pool  has  been  raised  or  alternate  structures  built.     It  is 
also  important  that  the   cut  be  conpleted  prior  to  the  first   ice  eeason 
after  the  final  raising  of  the  pool.     Since  the  depth  above  the  lower 
sill   of  Lock  25  is  more  than  two  feet  greater  than  that  of  all  the  other 
locks,  a  considerable  an  ount   of  dredging  coild  be  perfonned  at  Point 
Three  points  before   mvigation  will  be  blndered.    This  work  need  not  be 
initiated  Aontil  after  the  first  stages   of  construction  have  been  started. 
Because  a  large  part  of  this  excavation  can  be  done  in  the  dry,  it  will 
be  partially  completed  during  the   first   stage, 

(7)  Railroad  and  Highway  Relocations  (Features  Nos.  12, 
13,  30,  31  end  35),-  These  features  must  be  completed  before  the  pool  is 
raised  by  the  closure  of  the  Long  Sault  Dam,  The  periocT  of  cdnst ruction, 
however,  is  such  that  they  have  been  SiSsignejd  second  priority,  except  for 
portions  of  Feature  No,  35  which  will  be  used  as  access  roads  and  bridges, 
6Uid  which  have  been  included  in  the  preliminary  work, 

(8)  Coles   Creek  Dike,  Bradford  Point  Dike,   and   Louis- 
ville Landing   Dikes   (Feature  No,   14),-     These  items  must   be  completed  pri- 
or to,  or  immediately  after,  the  beginning  of  closure  of  Long  Sault  Dam  to 
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insure  agtiinst  flooding  of  adjacent  areas  by  the  rising  pool, 

(9)  Long  Sault  Guard  Gate,  and  Dike  No,  2  (Feature  No,  17)«- 
Completior  of  work  prior  to  closure  of  the  Long  3ault  Dam  is  required  to 
prevent  floodirg  of  the  Long  Sault  Canal  by  the  rising  pool,  and  to  route 
navigation  through  the  canal  at  that  time, 

(10)  Raising  Lock  21  (Fewtnre  No.  22),-  Although  Lock  21 
and  the  upper  Cornwall  Canal  will  ultimately  be  replaced  by  the  new  Corn- 
wall Canal  and  Lock  at  the  pov/erhouse,  it  is  necesssry  that  the  presert 
canal  be  maintained  for  navigation  until  the  new  Long  Sault  Canal  can  be 
used,  (See  par,  56d,)  This  lock  would  be  endangered  by  the  higher  river 
stages  which  will  "exist  at  that  point  during  the  second  stage  of  con- 
struction of  the  Lorg  Sault  Dam,  and  vjould  be  submerged  during  the  third 
stage.   For  this  reason.  Lock  21  and  the  river  dike  of  Cornwall  Canal 
bet^veen  Lock  21  and  the  cofferdam  extending  from  the  Canadian  shore  to 
Long  Saj  It  Island  must  be  raised  prior  to  +^he  initiation  of  the  second 
stage  cf  the  Long  Sault  Dam  Construction;  ttnd  the  entire  canal  dike  on 
the  river  side  from  Lock  21  to  Sheek  Island  must  be  raised  prior  to  clo- 
sure of  Long  Sault  Dam,   In  order  that  navigation  will  not  be  hindered, 
the  work  of  raising  the  lock  must  be  done  during  the  first  winter,  ana 
the  dike  raised  before  the  following  fall. 

(11)  Bergen  Lake  Dike  No,  1,  Moulinette  Dikes  1  and  2, 
I.3.11e  Roches  Dike  1,  New  Cornwall  Canal  Dike  and  New  Cornwall  Canal  Drain- 
age Ditch  (Features  Nos,  25  and  26),-  The  work  must  be  completed  before 
the  pool  is  raised  above  elevation  210  during  the  closure  of  the  Long 
Sault  Dam, 

(12)  Dredging  at  Mouth  of  Grass  River  and  in  South  Cornwall 
Island  Channel  (Feature  No,  33),-  v^ork  must  be  completed  before  naviga- 
tion is  routed  through  the  Long  Sault  Canal  during  the  closure  of  Long 
Sault  Earn, 

(13)  lorth   Cornwall  Island  Cut  (Feature  No,  34),-  The 
purpose  of  the  cut  is  to  aid  in  reducing  velocities  in  the  Comv/all  Is- 
land Sotith  Channel,   The  work  must  be  completed  before  navigation  is 
routed  throi'gh  the  nev?  Long  Sault  Canal, 

(14)  Transmission  Line  Relocation  (Feature  No,  36),-  The 
removal  of   the  substation  located  on  the  canal  bank,  and  the  relocation 
of  the  Hydro-ilectric  Pover  Commission  Transmission  Line  m.ust  be  accom- 
plished before  the  New  Cornwall  Canal  is  completed.   However,  completion 
of  the  canal  is  governed  by  the  construction  of  the  Nev;  Cornwall  Lock, 
which  will  require  a  much  longer  period  than  the  canal  excavation.   There- 
fore, the  transmission  lire  relocation  will  not  be  required  until  first 
priority  items  are  in  progress, 

(15)  Clearing  Flowage  Areas  (Feature  No,  39),-  While  the 
work  of  clearing  must  of  necessity  be  completed  ahead  of  the  rising  pool^ 
it  need  not  be  initiated  during  the  earliest  stages  of  the  project  except 
in  the  iminediate  vicinity  of  early  priority  structures,  which  v/ork  is 
included  therein. 
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d,  Prj  orlty  P.-  Deferred  items  or  project  -works  whioh 
may  be  aocomplTshed  after  the  pool  is  raised  to  operating  level.  The 
following  features   are  included: 

(1)  Galop  Island  Ice  Cribs   and  Booms  (Feature  No,2),- 
The  function  of  these  cribs  is  to  aid  in  forming  and  holding  an  ice 
cover  during  the  winter  months  after  the  project  is   in  operation.     The 
work  can  be  deferred  ■without   adversely  affecting  the  project  until  items 
of  higher  priority  are   completed, 

(2)  Crab  Island   Cut  and   Tailrace  Cut   Outside  Coffer- 
dams   (Feature  No.   32),-     lltie   primary  purpose   of  this  work  is  to   lower 
the  tailwater  and  thus   provide   additional  head  for  power.      Since  the 
full  generator  capacity  of  the  plant  will  not  be   ins+alled  until   sane- 
time  after  the   final  pool   raising,  the  extra  head  will  not  be  required 
and  the  ?rork  may  be   deferred  until  other  more   urgent  items  have  been 
completed. 

DETAILED  DESCPJPTIOF  OF  FEATURES 


35,        FEATURE  KO,    1  -  CHANNEL  VrORK,  VICINITY  OF  GALOP  ISLAND. - 

a.     Description  and  Purposes,-    YJork  includes  excavation  of  a 
system  of  cTTannels  through  the  Galop  Island   Section  of  -tJie  river.  Miles 
67  to  74,     Channel  improvement  is  necesaary  to  provide  for  suitable 
deep  dreft  navigation  through  the  reach,  as  well  as  for  hydraulic  pur- 
poses, to  create  conditions  which  favor  the  economical  development   of 
power  at  the  Bamhart  Island   powerhouse,  and  also  to  prevent  a  rise  in 
the  water  levels   in  Lake  Ontario  from  backwater  of  the   pool.     In  order 
to  provide  the  desired  navigation  facilities,  the  following   requirements 
must  be  met; 

(1)  Channels  of  sufficient  width  and  depth  should 
be  provided, 

(2)  Mean  velocities   should  not  exceed  4  feet  per 
second  under  ordinary  river  conditions, 

(3)  Channels   should  have   reasonably  straight 
alignment, 

(4)  Entrance  at  each  end  of  navigation  channel 
should   be  easy, 

(5)  Troublesome  cross  currents  should   be  avoided. 

(6)  The  existing   14-foot  navigation  should  be 
maintained  during  the  construction  period. 

The   follCT^'ing  are   governing  considerations  in   connection  with  production 
of  power J 

(1)  The  channels    should  be   designed  to   provide 
the   greatest  available   head  at  the   powerhouse, 

(2)  Channels   should  be   enlarged   sufficiently  to 
prevent  a   rise   in  the   levels   of  Lake   Ontario 
from  backwater  of  the  powerhouse  pool,   and   to 
permit  the  maximum  discharge  required  under 
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Regulation  Plan  Ko,  5,  (See  paragraph  lie  (2),) 

The  foregoing  requirements  must  be  carried  out  in  such  a  manner  that  no 
change  in  the  existing  maximum  and  minimum  levels  of  Lake  Ontario  is 
caused  during  construction  or  after  the  proposed  project  is  in  operation. 
Extensive  changes  in  the  existing  channels  are  necessary  to  meet  these 
requirements  but  as  stated  in  paragraph  22d,  it  is  not  reasonably  poss- 
ible to  provide  mean  velocities  in  this  rea*ch  which  will  permit  the  for- 
mation of  a  winter  ice  cover.   The  outlines  of  the  proposed  channels  are 
shown  on  Drawing  GC-R-l/l,  Appendix  111-0(1),  Memoranda  on  studies  of 
the  hydraulic  problems  are  contained  in  Appendix  iW2,  For  reasons  given 
in  paragraph  34b(l),  P-1  priority  has  been  assigned, 

b.   Treatment  Under  the  Original  238-242  Plan,-  The  Original 
238-242  pTan  included  provision  of  a  channel  500  feet  wide  through  Galop 
Island  and  the  north  end  of  Dixon  Island,  for  hydraulic  purposes,  and  a 
navigation  channel  varying  in  width  from  1,000  feet  to  600  feet  passing 
south  of  Chimnsy,  Butternut  and  Galop  Islands,  and  cutting  away  the  north 
sides  of  Lalone  and  Lotus  Islands,   Subsidiary  features  of  this  plan  are: 
the  removal  of  Spencer  Island  Pier,  the  Gut  Dam,  the  bank  of  the  Galop 
Canal,  and  portions  of  Looks  Nos,  27  and  28;  the  construction  of  an  ad- 
ditional channel  for  hydraulic  purposes  south  of  Lalone  Island;  construc- 
tion of  a  guide  pier  located  on  the  north  side  of  the  navigation  channel 
at  the  southeasterly  corner  of  Galop  Island  and  ice  cribs  located  across 
all  channels  to  encourage  the  formation  of  an  ice  cover  on  the  river  above 
Galop  Island.   (See  Plate  M-Il), 

c.  Additiora  1  Data  Secured,-  Recent  and  more  comprehensive 
soundings  throughotrt  this  reach  of  the  river  were  taken  by  the  United 
States  Lake  Survey,   In  addition,  surveys,  borings,  and  probings  were 
taken  by  this  office  to  determine  more  fully  the  character  of  the  over- 
burden, the  river  bed,  and  the  underlying  formations.  Consideration  of 
the  more  complete  data  now  available  has  led  to  various  modifications 
in  the  design  of  these  channels,  A  detailed  description  of  the  methods 
and  results  of  the  subsurface  explorations  conducted  in  1940  and  1941  is 
contained  xaader  "Subsurface  Investigations  for  Navigation  Channels  and 
Hydraulic  Cuts"  in  Appendix  111-0(3)  and  accompanies  Drawings  GC-A-2/l-lO 
and  G'^C-A-2/l, 

d.  Recommended  Plan,   (Modification  of  the  Original  238-242 
Plan,)  Compute  tiers  by  the  District  Office  indicated  that  the  maximum 
velocity  in  the  Original  238-242  Plan  was  slightly  greater  than  the  5  feet 
per  second  specified  in  the  Joint  Board  Report  of  1926.   A  maximum  veloc- 
ity of  5,4  feet  per  second  was  found  in  a  constricted  section  in  the  navi- 
gation channel  south  of  Galop  Island,  Using  either,  however,  5,0  or  5,4 
feet  per  second,  it  is  obvious  that  this  plan  does  not  satisfy  the  new 
criterion  set  up  in  the  Annex  of  the  Interaational  Agreement  of  1941,  that 
the  maximum  velocity  in  the  navigation  channel  south  of  Galop  Island  be 
not  more  than  4,0  feet  per  second.  Accordingly,  studies  were  made  to  de- 
termine what  changes  should  be  made  in  this  plan  to  reduce  the  velocity 

to  the  specified  limit.  These  computations  indicated  that  by  widening  the 
out  through  Galop  Island  from  500  to  850  feet,  the  maximum  velocity  in  the 
south  Galop  channel  could  be  reduced  to  4,6  feet  per  second.  This  maximum 
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velocity  vovld  obtain  at  a  discharge  of  310,000  o.f.s.  with  lake  level 
at  elevation  246,5  and  ooour  about  one  month  in  80  years,   A  velocity 
of  4  feet  per  second  would  be  exceeded  only  about  SjsS  of  the  navigation 
season,  which  may  be  considered  as  satisfying  the  requirements  in  the 
Agreement,   The  hydraulic  computations  are  discussed  in  detail  in  Appen- 
dix A-2. 

As  a  result  of  these  studies,  the  Original  238-242  Flan  in 
Feature  Ho,  1  has  been  modified  by  increasing  the  width  of  the  cut 
thro'^gh  Galop  Island  from  500  to  850  feet.   The  width  of  cut  through  La- 
lone  and  Lotus  Islands  was  also  increased  slightly  to  reduce  velocities 
and  make  the  bend  in  the  navigation  channel  easier  at  this  point.  Minor 
changes  in  the  original  channel  alignment  have  also  been  nade  at  other 
localities  as  described  xaider  Features  3  and  9, 

The  above  described  modification  of  the  Original  238-242  Plan 
is  hereafter  designated  as  the  "Recommended  Plan,"  The  outline  of  this 
is  shown  on  Plate  M-1,   Details  of  Feature  Ko.  1  are  shown  on  Drawing 
GC-R-l/l  in  folio  entitled  "Miscellaneous  Features  Plans," 

e.  Alternate  Plan  for  Navigation  Channel  through  Galop  Cut, 
In  connectTon  with  the  studies  for  channel  improvement  at  Galop  Island 
to  meet  the  limiting  requirement  of  4  feet  per  second  velocity  in  the 
navigation  channel,  various  plans  were  studied  in  addition  to  the  pre- 
viously described  Recommended  Plan,   These  studies  included  a  straight 
navigation  channel  through  Galop  Island  without  enlargement  of  the  chan- 
nel to  the  south  of  the  Island,  Hydraulic  computations  indicate  that  a 
out  1600  feet  in  width  through  Galop  Island  with  bottom  at  Elevation  214 
flanked  by  dikes  to  eliminate  cross-currents  would  provide  a  navigation 
channel  rhich  -would  meet  the  requirements  of  limiting  velocities  substan- 
tielly  as  in  the  Recommended  Plan,  Although  far  more  costly  than  the 
latter  plan,  it  is  believed  to  have  sufficient  advantages  to  navigation 
to  justify  its  inclusion  in  this  report  as  a  possible  alternate  to  the 
Recommended  Plan,  should  rcbdel  tests  indicate  unsatisfactory  navigation 
conditions  with  the  Recommended  Plan, 

The  Alternate  plan  is  shown  on  Drawing  LI-IA,  and  in  greater 
detail  in  the  folio  entitled  "Miscellaneous  Features  plans,"  Drawing 
GJ-R-l/lA,  The  hydraulic  features  of  the  plan  are  discussed  in  detail 
in  Appendix  A-2, 

f ,  Discussion  of  Relative  Merits  of  the  Recommended  and  Al- 
terra te  Flans,  Both  the  Recommended  and  Alternate  i^lans  reduce  the  loss 
of  V:e&^   sustained  at  Galop  Island  in  the  Original  238-242  Plan,   In  the 
Recommended  Plan  there  is  a  gain  in  head  at  the  powerhouse  varying  from 
0,2  foot  to  2,2  feet,  according  to  the  river  discharges  and  the  lake 
level  at  Lake  Ontario,  if  and  -when  the  limitation  of  the  porterhouse  pool 
to  Elevation  238  is  removed,  Y.'ith  the  Alternate  Plan  tiiis  gain  in  head 
is  frorr  0,2  foot  to  2,6  feet. 

In  the  Recommended  Plan  the  850-foot  cut  through  Galop  Island 
will  be  excavated  in  the  dry  behind  a  plug  as  in  the  Alternate  Plan,  but 
in  order  to  excavate  the  navigation  channel  to  the  south  of  Galop  Isli^nd 
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•without  disturbing  the   lake   level,   it  yrill  be  necessary  to  close   off 
this   channel  with  cofferdams  end  remove   the   plug   in  the   Galop   Cut   pro- 
gressively as  the   south  channel   is   closed   off.      This   should  cause  no 
real   difficulty  in  maintaining  the   Lake  Ontario  levels  as  the  Galop   Cut 
has  a  discharge  capacity  about   equal   to  the   unimproved    south  channel. 
After  the  Iroquois  Dam  has  been  completed,   the  cofferdams   in  the    south 
navigation  channel  can  be  removed  and  the  lake  level  controlled  from 
the  dam. 

The  Alternate  Plan  provides  a   simple   plan  of  controlling   lake 
levels   in  Lake  Ontario  during  the    construction  period.     At  the  present 
time,   the  control   of  Lake  Ontario  is  at   the  head   of  Galop  Island,     In 
this   plan  a  plug  will  be   left  at  the  head   of  the  1600-foot  Galop  Cut 
during   cors+ruction.      After  the    Iroquois    Dam  has  been  completed   the   plug 
ceei   be    removed  and  the   lake  level  controlled  by  the  operation  of  the 
dam. 

In  the  Recoiranended  Plan  navigation  follows  the   channel  to  the 
south  of  the  Island,     Y'hile  this   course   is   somewhat  winding,  it   should 
not  present  any  navigation  difficulties   of  consequence.      There  are  no 
sharp  bends,  the   least    radius  being  about   8000  feet.      If  found   to  be 
necessary,  curvature  of  the  entrances  could  be  modified  at  a  moderate 
increase   in  cost.     In  the  Recommended  Plan   there  is   a  possibility  of 
providing  an  auxiliary  navigation  channel   in  the  850-foot  cut  through 
Galop  Island  by   some  dredging  at  the   upper  end  and   deepening  in  the   cut. 
The  estimated   quantity  of  excavation  for  the  Recommended  Plan  (for  Fea- 
ture Ko,   l)      is   22,547,000  cubic  yards  at   an  estimated    cost   of 
$25,072,200, 

The   principal  advantage   of  the  Alternate  plan  accrues   to  navi- 
gation.     The    1600-foot   cut  through  Galop  Island   provides  a  wide  and 
practically  straight  navigation  channel   through  the   reach  from  ChiTjiay 
Poirt  to   Lotus   Island  xvith  adequate  entrs^nces  at  both  ends.     Cross   cur- 
rents  are   eliminated  by  dikes  flsnkirg  the    channel.      The   chief  disad- 
vantcge   of  the   plan  is   its   excessive  cost,      Vre  increase   in  Tvidth  of  the 
cut  through  Galop   Island  from  850  to  1600  feet  involves  a   large   increase 
in  th3  amount   of  excavation,  particularly  at   Galop  Island  v.-here  the 
■widened  portion  passes   through  highest    sections   of  the  Island   requiring 
cuts   of  70  feet  or  more   in    depth.      The  total    quantity  of  excavation  for 
the  Alternate  Plan  (for  Feature  Ko,    1)    is  42,687,000  cubic  yards  at  an 
estimated   cost  of  $50,054,500, 

Further  details   of  the  quantities  and    cost    of  excavation  for 
feature  Kc   1  and   oth^r  features   included  under  Channel    Excavation,   are 
given  in  Table  3  entitled   "Quantities  and    Cost   Estimates  for  Channel   iix- 
c  a  vat  ion," 
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TABLE  3 
O.UMTITIES  AND  COST  ESTIMATES  FOR  CHANNEL  EXCAVATION 


*      t  t 

t  r  Reoommepded     Flan t  Alternate  Plan 

jUnit  t  Quantity  t                          i  c^uantity  t 

tPrioet  (o»y.)     t     Amount         t   (o>y»)     t     Amount 


t             »FE.A.TTTRg  FO.  1  -  M.    67-74 

Cofferdam                         ,Lump   t                       j  |Ji,(y)0,060»t                     t 

Dry  earth    excavationt $0.50: 13,255,000:  6,627,500:16,655,000:   18,327,500 

Dry  rock  excavation   :    1,70:    1,591,000:  2,704,700:    4,597,000:      7,814,900 

\Yet   rock  excavation  :    7,00:        472,000:  3,304,000:    1,412,000:      9,884,000 

Dipper  dredging            :    0.75:    7,229,000:  5,421,750$ 17,523,000:    13,142,250 

Hydraulic  dredging     :    0,35:  :    2,500,000:  875,000 

Totals  :  j  {ii},547,0004i56,OS7,550,42,6e7,(W6:|4d,(:)4;i,g50 

Engrg,  ?■  Contingencies  :  :      5,014,250:  ^    10,010,850 

}  :  :  t  , 


TOTAL  COST  OF  FEATURE  NO.  1 :  |25,072,200: ^  $50,054^500 


t  tFEA'^URE  NO. 3  :  t 

Drj'  earth  excavation:  0,50.  7, 614, 000: «  3,807,000:  7,614,Q00:$  5,807,000 

Dipper  Dredging     i  0.75:  1»^Q5, OOP:   1,278,750:  ^»^Q5,000:   1,278,750 

Totals  :  :    9,319,000: 9  5,085,750:    9,319,000:|   5,085,750 

Qngrg.  I-   Contingencies  t  :      1,271,450:  t      1,271.450 

:            :                       :      6, 357, 206.                       :$  6,357,200 
T0TAl__COST  FEATURE  NO. 3        : i . i 

;  tFE^TTJRE  NO. 9  i  S 

Dry  earth  excavation:    0,50:    5,916,000: $  2,958,000:    5,916,000«|   2,958,000 
Dry  Rock  excavation  :    1,70:        100,000:  170,000:        100,000*  170,000 

V/et   rock  excavation  t    7.00:        107,000:  749,000:        107,000»  749,000 

Dipper  Dredging  :    0,75:    4,867,000:      3,650,250:    4,867,000:      3,650,250 

'      TOTAIS  :  :16,550,000:^  7, .^27, 250: 10,550,000:  n, 527, !>50 

fingrg.  fr.  Cortingencies  :  ;      1,881,750:  t      1,881,750 

:                        :                          t  : 

TOT>^  COS'"   OF  FEATURE  NO, 9: t$  9,409,000: t$  9,409,000 

"                                  *             ;  FEATURE  NO, 33  t  i 

Dry  earth   excavation:    0,50:  1,865,000:  5f      932,500:  1,865,000:$        932,500 

Dipper  dredging-ordi^           ,  »                         t  t 

naiy                              t   0,75:  1,209,000:          906,750:  1,209,000:          906,750 

Dipper     "     swift          :            :  :                         %  : 

■water                             :    1.05:  3,632,000:      3,813,600:  3,632,000:      3,813,600 

Totals       :     :  6,706,000:  $5,652,850:  6,706,000:  $5,652,850 

Engrg.  ?    Contingencies    :  :   1,413,150:  :   1,413,150 

:     :  :          t  : 

TOTAL  COST  OF  FEATURE  NO. 53  :  J7_,066,000>  :  |7,066,0OO 

•~ i     : FEATURE  NO, 34        I  t 

Dipper  dredgirg-ordi^           :                       :                        t  t 

1,0  ly                          :$0.75:        960,000:   $     720,000:  960,000:   ^     720,000 

"                  "  swift       :            :                       :                        «  « 

water                         :    1.05:    1,096,400:      1,151,220:  1,096,400:      1,151,220 

Totals                 :            :    2,06^,400:   $1,671,220:  2,066,400:    n,571,!:!yO 

£ngrg.  &  Contingenc:            :                       :          t^^*^^^*  :          1^I'I?2 

TOTaL  COST  OF   FEATURE  NO. 34 $2,539,OOCr  $2,559^000^ 
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TABI£  3  (contM) 
QUANTITIES  AND  COST  ESTIMATES  FOR  C^iAimEL  EXCAVATION 


Feature 

No. 

1 

Feature 

No, 

3 

Feature 

No. 

9 

Feature 

No, 

33 

Feature 

No, 

34 

SUMMARY 


I  9,319,000 
,10,990,000 
t  6,706,000 
t    2,056,400 


t 

TOTALS  J  51,618 ,400 


1^5,072,200:42,687 ,000 J $50 ,054, 500 
6,357,200:  9,319,000:  6,357,200 
9,409,000,10,990,000,  9,409,000 
7,066,000:    6,706,000:      7,066,000 

2,339,000:    2,056,400:      2,339,000 


t  I 

$50, 243, 400: 71 ,758 ,400: $75, 225, 700 


In   suraminp;  up  the   relative  adventa^es   of  the   two  plans,    it   ap- 
pears  that  so  far  as  the   effect   on  power,  there   is   little   choice.      During 
the   construction  period  the  Alternate   Plan  provides   a  simpler  method   of 
maintaining  lake   levels   in  L^ke  Ontario,      The   principal  advantage   of  the 
Alternate  Flan  is    that  it  appears   to  offer  a   superior  navigation  channel 
in  the  vicinity  of   Galop  Island,      The   principal  advantage   of  the   Recoirjii&n, 
ded  plan  is   its   lower  cost,      V.liether  the  advantages   of  the   straighter 
1600-foot   channel   of  the  Alternate  Plan   over  the  winding  600-foot  channel 
to  the   south   of  Galop  Island  the   potential  channel   through  the   850-foot 
Galop  Cut   of  the  Recommended  Plein    are  worth  this  extra  cost  involved  can- 
not be   determined   until  a  model   study  is  made  to  determine   just  how  great 
the   above   advantages   are.      In  this   connection   it   r.ay  be   stated  that  the 
oorrputetions    of  a  flov;  divided   into  trfo   or  more   channels  are   apt  to  be 
unreliable  There   is  no  rational   solution.      Assumptions  have   to  be  made 

for  friction,   cofferdams  and   diversion  of  flow  and   balanced  by   trial. 
The   computed  flow   for  the  Recommended  Plan   is: 

Canadian  Channel  67,000  c,f,s. 

Galop  -  850'    wide,  bottom  Kl,    216,0     119,000  c.f.s. 
American   (improved)  124,000  n,f,3. 

For  the    Alternate  Plan: 

Canadian  Channel  22,000  c,f,s. 
Galop  -   1600'   v;ide,  bottom  elev, 

214,0  230,000  c.f,8, 

American  (unimproved)  58,000  c.f.s. 

It   is    desired   to   anphasize   the   importance   of  conducting  caapre- 
hensive  model   tests  to   sludy  anr?  verify  the   hydraulic   computation  and   to 
develop  a   satisfactory  navigation  channel   in  the  vicinity  of  Galop  before 
a  definite   plan  is  adopted. 

Pending   the    results   of  rrodel  tests  which  have  been  authorized, 
the   estimates   of  cost   in  this   report  are  based   on  the   Recommended  Plan 
for  Feature   No,   1. 

g.     Present   Status   of  p1ars,-     Contract   plans  and    specifications 
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have  not  been  prepared.   Preliminary  plans  and  estimates  of  cost  have 
been  made  and  various  studies  carried  out  for  determination  of  the  re- 
commended solution.   The  ad  itional  preliminary  -work  listed  below  should 
be  completed  before  the  final  plans  are  prepared, 

(1)  All  ditr.ensions  of  the  recommended  Galop  Channel  were 
based  on  computations.   These  calcula-ted  dimensions  will  be  verified 

by  hydraulic  model  tests, 

(2)  Additioral  core  boring^s  are  desirable  to  determine 
the  quantity  of  ledge  rock  to  be  excavated  and  additional  probings  are 
necessary  to  determine  the  quantity  of  excavation  which  could  be  advan- 
tageously performed  by  hydraulic  dredges. 

(3)  A  detailed  survey  is  required  for  the  purpose  of  ob- 
taining cross  sections,  profiles  and  subsurface  data  for  use  in  prepara- 
tion of  contract  plans  and  specifications, 

h.   Estimated  Cost  and  Time  Required  to  Complete  Plans.-  The 
hydraulic  model  tests  for  determining  channel  dimensions  and  dike  loca- 
tions will  be  made  from,  data  and  maps  now  available.   The  verifications 
will.be  made  at  the  U,  S.  ^Taterv/ays  Experiment  Station,  Vicksburg, 
Mississippi,   Ihe  necessary  additional  subsurface  explorations  could  be 
performed  by  four  crews  equipped  with  diamond  drill  rigs,  two  crews 
equipped  with  Highmark  probing  rigs  and  one  seismic  crew,  in  about  90 
days  during  the  navigation  season  beginning  in  April,  Because  of  ice 
conditions  prevailing  in  the  river  from  December  to  April,  it  would  not 
be  advisable  to  undertake  this  work  during  the  winter.   Only  the  most 
urgent  considerations  v/ould  justify  an  attempt  to  drill  or  take  sound- 
ings in  the  Galop  Section  of  the  river  during  the  winter  season.   The 
detailed  survey  should  be  made  while  borings  and  probings  are  in  pro- 
gress.  After  the  foregoing  work  is  completed  and  results  available, 
the  time  required  for  canpleting  the  plans  smd  specifications  will  not 
exceed  30  days.   The  estimated  cost  of  the  additional  preliminary  work 
is  as  follov,'s: 

Hydraulic  model  study §80,000 

Subsurface  exploration 52,000 

Detailed  Survey 16,000 

Preparation  of  Contract  Plans  and  Specifi- 

cat  3  ons , .    2 ,  OOP 

Total  to  complete  preliminary  work,, ,$150,000 

i.   Estimated  Cost,-  The  estimated  cost  based  on  preliminary' 
plans,  and^the  surveys  and  subsurface  investigations  so  far  made  is 
shown  below.   It  is  based  on  the  construction  program  outlined  in  para- 
graph 34,   Any  change  in  that  schedule  may  alter  this  estimate,   A  more 
detailed  statement  is  contained  in  Appendix  111-0(3) 

Contract  cost :i20,057 ,950 

Engineering  and  contingencies  (about  25^),,  5,014,250 

Total  cost t^ 25 , 072 ,200 
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36.   FEATURE  Ro.  2  -  GALOP  ISLAND  ICE  CRIBS.-  a^.   Descriptiou 
and  Purposes.-  Three  groups  of  ice  cribs,  located  i/omed lately  upstream 
from  Galop  Island,  are  proposed.   (See  plate  M-1.)   Each  group  will  ex- 
tend across  the  head  of  each  of  the  three  channels,  including  the  propos- 
ed nevi  cvrt  through  Galop  Island.   The  cribs  will  be  placed  at  intervals 
across  the  channels  and  will  be  connected  by  floating  booms  during  the 
ice  season.   The  purpose  of  crib  and  boom  assemblies  isj   (1)  to  form 
an  obstruction  against  which  floating  ice  and  slush  can  pack  to  form  an 
ice  cover;  and  (2)  to  retain  the  ioe  in  place  in  the  spring  until  it  rots 
and  melts.   For  reasons  set  forth  in  paragraph  34d(l),  D  priority  has 
been  assigned,  "" 

b.  Treatment  Under  the  Original  238-242  Plan.-  Barriers 
of  the  same  general  type  were  included  in  the  Original  258-242  Plan. 
Three  groups  of  cribs,  one  across  the  head  of  each  of  the  three  channels 
of  the  Galop  Islend  section  similar  to  tho:se  now  reconnended  are  shown 
on  plate  V-lI.   It  was  proposed  to  space  the  cribs  about  300  feet» 
center  to  center,  in  locations  where  velocities  of  flow  are  relatively 
high,  and  from  500  to  700  feet,  center  to  center,  across  navigation 
channels  or  at  locations  where  velocities  are  relatively  low.   Details 
of  design  of  the  proposed  cribs  or  the  method  of  placing  are  not  avail- 
able. 

c.  Additional  Data  Secured.-  Other  than  the  recent  more  com- 
prehensive soundings,  no  additional  data  has  been  secured  and  no  work  has 
been  done  on  the  design  for  the=!e  structures  by  the  St,  Lawrence  River 
District.  However,  the  proposed  new  layout  of  the  Galop  Island  cuts  will 
require  relocation  of  at  least  some  of  the  cribs.   It  is  believed  that 
the  same  general  plan  as  indicated  in  the  Original  238-242  plan  will  be 
s'at  is  factory. 

d.  Discussion.-  Ihe  hydraulic  model  tests  of  the  Galop  Is- 
land reach  of  the  river  to  be  made  in  conjunction  with  the  final  design 
of  the  channels  and  structures  therein  should  include  the  river  for  a 
sufficient  distance  upstream  to  permit  studies  and  observations  of  the 
flofw  and  velocities,  for  use  in  the  final  layout  and  design  of  the  ice 
cribs.   These  tests  will  not  interfere  with  the  progress  of  the  work, 
because  the  Galop  Island  ice  cribs  need  not  be  constructed  until  some 
time  subsequent  to  work  on  the  Galop  Island  cuts.  Only  a  small  portion 
of  the  cost  of  the  hydraulic  model  studies  should  be  charged  to  this  fea- 
ture and  the  cost  of  preparing  the  plans  would  be  small, 

e^.   Estimated  Cost.-  The  cost  as  taken  from  the  Engineering 
Estimate    June  1941,  is  as  follows: 

Contract  Cost,  from  Estimate  of  June  1941       $410,000 

Engineerinf  and  Ccn  tlngenciea  (about  25%)  104,000 

Total  Cost $514,000 

37,   FEATURE  K0,3  -  CHANKEL  V'ORK,  MILE  74  to  MILE  76,5  -  SPARRaV* 
HAP7K  POirT  CUT  AKD  TOTTSSAINTS  ISLAND  CUT.-  al      Description  aiJ  Purpose  - 
The  construction  of  a  new  channel  through  the"  Sparrowhawk  Point  and  Tous- 
saints  Island  Section  of  the  river  from  Mile  74  to  Mile  76,5  is  necessary 
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in  the  interests  of  both  power  development  and  deep  water  navigation 
through  the  International  Rapids  Section  of  the  St.  Lawrence  River.  The 
work  should  be  done  without  interruption  to  existing  navigation.   Ex- 
tensive changes  in  th^e  existing  river  channel  are  essential  to  meet 
these  requirements.   The  outlines  of  the  recommended  channel  enlargement 
are  shown  on  Drawing  CC-R-l/l,  Appendix  III-O(l),  The  work  will  involve 
removal  of  approximately  9,000,000  cubic  yards  of  material.   For  reasons 
set  forth  in  paragraphs  34b(2)  and  34o(l),  P-1  and  P-2  priorities  have 
been  assigned,  "" 

b.  Treatment  Under  the  Original  258.242  Plan.-  Under  the 
Original  2T8-242  Plan,  a  large  portion  of  Sparrowhawk  Point  was  to  be 
removed  to  elevation  205  and  a  channel  was  to  be  cut  through  Toussaints 
Island  to  elevation  205  for  enlargement  of  the  cross  section  for  hydrau- 
lic purposes.   Rirther  enlargement  of  the  channel  was  to  be  obtained  by 
removing  a  portion  of  the  Point  known  as  Presque*  Isle  and  by  removing 
the  bank  of  the  existing  Galop  Canal  on  the  river  side.  A  navigation 
channel  was  proposed  through  these  deep  cuts.  Since  the  bottcan  eleva- 
tion necessary  for  navigation  in  this  reach  is  only  214,  sufficient 
depths  for  navigation  would  exist  in  the  cuts  designed  for  hydraulic 
purposes, 

c.  Additional  Data  Secured,-  Recent  and  more  comprehensive 
soundings  by  the  iJnited  States  Lake  Survey  together  with  additional  sur- 
veys and  subsurface  investigations  made  by  this  District,  provided  more 
detailed  data  for  design  than  was  available  to  engineers  formerly  con- 
cerned with  this  problem.  Consideration  of  the  design  in  the  light  of 
the  more  complete  data  resulted  in  various  modifications  in  the  original 
plan.   A  conplete  description  of  the  methods  and  results  of  the  subsur- 
face investigations  is  contained  under  "Subsurface  Investigations  for 
Navigation  Channels  and  Hydraulic  Cuts"  in  Appendix  111-0(5), 

d.  Discussion.  -  The  Original  238-242  Plan  providing  for  re- 
moval of  Sparrowhawk  Point,  deepening  of  the  river  in  front  of  this 
point,  end  a  deep  cut  through  Toussaints  Island,  together  with  otho* 
subsidiary  channel  enlargements,  is  basically  correct.  Studies  of  the 
new  data  and  conparison  of  alternate  plans  for  enlarging  the  river  chan- 
nel have  led  to  the  conclusion  that  improved  navigation  conditions  and 

a  simplified  construction  program  can  be  cbtaired  by  cutting  through 
Sparrowhawk  and  by  removing  the  southerly  portion  of  Toussaints  Island, 
The  construction  program  will  be  simplified  because  of  a  reduction  in  the 
volume  of  difficult  dipper  dredging.  With  the  exception  of  a  minor  chan- 
nel enlargement  at  the  tip  of  Sparrowhawk  Point,  allother  subsidiary 
channel  enlargements  can  be  omitted  under  the  proposed  plan.   Initial 
excavation  of  the  channel  to  full  width  and  depth  is  necessary  in  order 
to  reduce  the  velocity  of  the  water  to  the  stipulated  maximum  of  2,25 
feet  per  second.  Any  sacrifice  of  width  or  depth  to  obtain  a  provision- 
al channel  will  result  in  velocities  higher  than  2,25  feet  per  second 
and  will  tend  to  prevent  the  formation  of  a  fixed  ice  cover,  thus  defeat 
one  of  the  principal  purposes  of  the  channel  enlargement.   Furthermore, 
bhe  construction  of  a  provisional  channel  of  lesser  dimensions  than  ulti- 
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mately   required  with  a   vie-w  to  future  enlargement,  will   result   in 
greater  unit   prices   for  the    deferred  work  because   of  the   character  of 
the  excavatior  and  the   necessity  for  different  construction  methods 
after  the   pool  is   raised, 

e.     Recommended  Plan«   -  The   plan  now  recommended   is   shown 
on  Plate  M-1   and    Drawing  QC-R-l/l,  Appendix  111-0(1),      Since   no  advan- 
tage will   result  from  the  improvement   of  the   channel  through  Sparrow- 
hawk  Point   without  the  proposed   channel  through  Toussaints   Island,  all 
work  should  be  performed  under  one  contract.      Furthermore,   the   construc- 
tion period   should    be   kept  to  a  minimum  so  that  the   tem.porary  inconven- 
ience to  existing  down-bound   14-foot  navigation  resulting  from  new, 
sudden  turns,   or  other  obstructions   in  the   stream  during  construction, 
will  be   of   short  duration.      In  view   of  these  requirements,    the  following 
construction  program  is  proposedj 

(1)  Construction   of  dikes   or  cofferdams   to   include  as 
much  as   possible  of  the   Sparrowhawk  Point   cut   to  be   f      .owed  by  the  ex- 
cavation in  the   dry, 

(2)  Similar   procedure  for  the   Toussaints   Island  out. 

(3)  Control   of  the   river  at  the   Iroquois   Dam,   opening  of 
the  dikes  and    routing  of  the  river  through  the  now  outs.      To  be    accom- 
plished upon  completion  of  the  dry  excavation  and  without   disturbing 
the   regimen  of  the   stream, 

(4)  Removal    of  portions  of  the  dikes  by  dry  methods  fol- 
lowed by  excavation  vdth  dipper  dredges  after  creation  of  the  pool  at 
suitable   levels  and   reduction   of  velocities, 

f.  Present   Status   of  Plans,-     Contract  plans  and  specifica- 
tions  have-not  teen  prepared,      PreTfminary  plans  and  estimates   of  cost 
have  been  made  and   various   studies  carried  oot  for  determination  of  the 
reooiT'mended   solution.      The  additional  preliminary  work  listed  below 
should  be   completed  before  the   final   plans  are  prepared, 

(1)  All   dimensions   of  the  recommended  channel  were  basea 
on  computations.      These  calculated  di'  ensions    should  be  verified  by  hy- 
dra\»lio  m.odel  tests.      The  model   studies   should   be  included  under  Feature 
No,   1« 

(2)  Additiom  1  test  borings   are   required  to  determine   the 
character  of  the  miaterial   to  be   excavated  and  to   establish  the   side 
slopes    of  the  cut, 

(3)  A  detailed    survey  is  necessary  for  the   purpose   of  ob- 
taining; cross-sections,  profiles  and  underground  dala, 

g.  Estimated  Cost   and    Time  Required  to   Com.plete  Plans,-     The 
necessor  y  inodel  studies  covld  be  completed  rlthin  60  days   by  an  establish- 
ed  hydraulic   laboratory.      The   rjecessary  data  for  the  model   test    is  avail- 
able.     The   necessary    subsurface   explorations   could  be  made  by  t;vo  crews 
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equipped  -with  diamond  drill   rigs   in  about  tv/o  months,   during  the  naviga- 
tion season.      The  exploration   of  the   land  ar^a  of  Sparrowhawk  Point  is 
entirely  feasible  diiring  the  winter,  but  the  exploration  of  the  water 
areas  and   of  Toussaints   Isln.rd   during  the  winter  is  very  hazardous  be- 
cause of  floating  ioe  and  ioe  jams,  and  is  not  recommended  unless  urgent- 
ly required.      Detailed   surveys  should  be  made  while  the  borings  are   in 
progress.     Vfhen  the  foregoing  work  is  completed  and   results  available, 
the  time  required  to  complete   the  plans  and  specifications  will  not  ex- 
ceed  20  days.      Estimated  cost  of  the  foregoing  preliminary  work  is   as 
follows; 

Subsurface   Exploration  •,,,,• •,     $4,000 

Location  Survey     •»••..•••.••••        3,000 

Preparation  of  Contract  Plans  and 

Specs. 1,000 

Total  Cost   of  Completing  Pre-                 -— — — 
iiminary  Work... «....  $8,000 

h.     Estimated  Cost,-     The  estimated  cost,  based  on  prelimi- 
nary plans"and   surveys  and  subsurface  investigations   so  far  made  and  in 
accord  with  the  construction  program  outlined  in  paragraph  34,  is  shown 
below,      A  more  detailed  statement  is  contained  in  Appendix  111-0(3) 

Contract  Cost |5 ,085,750 

Engineeririg  and  Contingencies 

(about   255?) 1,271,450 

Total  cost #6,357,200 

38,   FEATURE  NO.  4  -  IROQUOIS  DAM  AIJD  DIKES.  -  a.   Description  and 
Purpose,  -  The  work  includes  ^he  Iroquois  Dam  and  the  shore  section  at 
each  end  thereof.   The  dam  is  a  buttressed,  concrete  gravity  structure 
consisting  of  40  gate  openings  with  their  sills  at  mean  elevation  of 
river  bott(an,  flanked  by  concrete  gravity  non-overflow  sections,  with 
earth  wing  dams  extending  to  high  ground  at  each  end.   The  dam  extends 
from  the  south  mainland  near  Rockway  Point  in  a  northwesterly  direction 
to  Iroquois  Point  on  the  Canadian  side  of  the  river,  which  is  confined 
to  one  channel  only  at  the  locality.  The  Transverse  Mercator  coordi- 
nates of  the  ends  of  the  spill)vay  at  the  axis  of  the  dam,  arej  easterly 
end.  North  1,760,785,9,  East  249,563.9,  and  westerly  end.  North  1,760,- 
785,9,  East  247,086,1.   The  purpose  of  this  dam  is  to  control  the  flow 
of  the  river,  especially  during  the  winter  season  when  formation  of  a 
solid  ice  sheet  can  be  expedited  by  partially  closing  the  gates.   For 
reasons  set  forth  iu  paragraph  34b  (3),  P-1  priority  has  been  assigned, 

b.   Treatment  Under  the  Original  238-242  Plan.  -  The  Original 
238-242  Plan  included  a  shorter  control  dam  located  a  short  distance 
downstream  from  the  present  planned  location.   Ihe  exact  location  and  de- 
tails of  construction  are  not  available,  but  the  estimates  indicate  that 
the  structure  would  have  been  designed  to  serve  the  same  purpose  as  now 
proposed.   It  was  intended  to  sink  caissons  to  bedrock  and  place  ga^es 
between  the  caissons  without  the  use  of  cofferdams.  This  plan  was  fully 
investigated  and  found  to  have  various  disadvantages  including  eonstruc- 
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tion  diffloultiea.  The  Joint  Advisory  Boards  recommended  the  substitu- 
tion of  a  structure  of  more  conventional  type  built  within  cofferdams. 

c.   Additional  Data  Secured.  -  The  subsurface  explorations, 
carried  out  by  tliis  District  have  furnished  information  supplementing 
that  evailahle  at  the  time  of  the  Original  238-242  Plan,  This  addi- 
tional information  suggested  certain  changes  in  the  original  plan,  as 
discussed  below, 

d.   Discussion.  -  Studies  of  channel  hydraulics  showed  that 
it  would  be  advantageous  to  relocate  this  dam  upstream  from  the  origin- 
al location  in  order  to  secure  a  larger  channel  area  and  therefore  a 
lower  stream  velocity,  which  v;ould  be  conducive  to  formation  of  a  fixed 
ice  sheet.   The  maintenance  of  conditions  \"hioh  favor  the  formation 
of  a  continuous  ice  sheet  over  the  greater  portion  of  the  vater  surface 
upstream  is  one  of  the  most  important  functions  of  the  proposed  dam. 
Since  the  bedrock  drops  slightly  in  an  upstream  direction  and  since  the 
length  of  the  crossing  is  increased,  the  upstream  relocation  of  the  dam 
will  increase  the  cost  of  the  structure,   Fo\':ever,  it  is  imperative 
that  the  hydraulic  requirements  be  met  and  the  relocation  proposed  is 
bel-ieved  to  be  the  most  economical  for  a  dam  which  will  properly  satis- 
fy these  hydraulic  requirements.  The  plans  propose  construction  of 
cofferdams  and  dewatering  the  site  in  order  to  insure  tJie  construction 
of  a  dam  capable  of  resisting  the  most  severe  combination  of  head  and 
ioe  press\ire  which  could  occur  under  the  design  criteria,   (See  Chapter 
II,  Paragraph  22b,)  Under  the  Original  238-242  Plan,  the  dam  was  design- 
ed for  a  static  head  of  only  a  few  feet,  but  further  studies  and  consid- 
erations indicate  that  the  design  head  should  be  increased.  In  particu- 
lar, it  may  be  desirable  for  this  dam  to  maintain  project  level  upstream 
while  the  pool  created  by  the  Long  Sault  Dam  is  lowered,  at  times  of 
subsidence  or  signs  of  weakness  in  the  earth  dikes  retaining  the  lower 
pool.  Accordingly,  the  design  head  was  assumed  at  19  feet  or  14  feet 
plus  ioe  pressure.  Studies  show  that  the  caisson  type  of  construction 
would  cost  almost  as  much  as  open  cofferdam  methods.  It  is  believed 
that  more  satisfactory  foundations  could  be  obtained  by  the  latter  meth- 
od of  construction.  Except  for  the  fact  that  it  is  a  more  elaborate 
and  substantial  structure,  the  Iroquois  Dam  as  proposed  does  not  differ 
materially  from  that  included  in  the  Original  238-242  Plan, 

e.  Recorrjnended  Flan.  -  The  Iroquois  Dam  is  a  buttressed,  grav- 
ity structure  having  a  maximum  height  of  118  feet.  The  center  line  is 
the  arc  of  a  circle  having  a  radius  of  1,700  feet.   There  are  40  gate 
openings  50  feet  wide,  extending  down  to  a  continuous  concrete  sill  at 
elevation  200,0, which  is  approximately  river  bottom.   This  spillway  sec- 
tion, with  an  overall  length  of  2,390  feet,  is  flanked  at  each  end  by  a 
concrete  gravity  bulkhead  193  feet  long  with  a  short  earth  fill  wing  dam 
completing  the  shore  tie  at  each  end.  The  overall  length  of  the  masonry 
section  is  2,776  feet,  and  that  of  the  entire  structure  is  3,600  feet. 
The  40  openings  bet'^een  piers  contain  32  two-section  fixed  wheel,  verti- 
cal lift  gates  and  8  single-section  gates  of  the  same  type,  operated  by 
two  travelling  gantry  cranes.  The  latter  gates,  four  at  each  end  of  the 
spillway,  rest  on  concrete  stop-logs  which  are  placed  in  the  lower  half 
of  these  end  openings.   The  top  of  the  gates  is  at  elevation  248,  Piers 
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10  feet  thick  at  aria  of    the  dam  form  the  buttresses  and  support  the 
deok  struoture.      The  gate  deok  will   support  the  gantry  tracks  and  a 
concrete  highway,  and  will  provide  for  a  future  railroad  track, 

f ,  Present  Status   of  Plans  and  Specifications.  -   The  contract 
plans  ,  specif  icaticn  8,   and   design  analysis  for  Iroquois  Dam  have  been 
completed  and   comprise  Appendices   111-4(1),   (2),  and  (3),     The  general 
plans  and    specifications   are  complete  and  could  be  used  as  a  basis  for 
award  of  contracts  for  the   construction  of  the  dsun  and   its   flanking 
earth  dikes.      Plans  and  specifications  for  the  purchase   of  the  gates^ 
the   two  gantry   cranes,   and  all  structural  and  reinforcing  steel  have 
been  prepared  and  are  included  in  Appendix  111-4(2),  Part  2,     As  the 
iroquois   Dam  could  probably  be  built   in  two  years   or  less,   the  specifi- 
cations cover   all  materials  and  equipment.      The   specifications  as  in- 
cluded in  the   aforementioned  appendix  include   only  the   technical  require- 
ments for  the  various  materials  and  equipment  as  the  general   sections 
are   subject  to  frequent   changes, 

g.  Estimated  Cost  and  Time  Required  to  Complete  Plans,   -  As 
stated   in^preceding  paragraphs,  it  is  believed  that  the  plans   and  speci- 
^icat:ors  ere   sufficiently  complete  to  permit  advertisement  for  bids 

as   soon  as  construction   is   authorised.      Supplementary  information  could 
be   obtained  at  small   cost  and   additional  details   supplied  as  the  work 
progresses  without  delaying   project  construction  schedules, 

h.      Estimated   Cost,   -     The    summary  of  estimated  costs  for  the 
Iroquois   Da*m,  including  the  cost   of  that  portion  of  the  Point  Rockway 
Canal   (Feature  No,   7)   above  Mile   79,   is  given  below.     Detailed  estimates 
of  the   cost   of  the  general   construction  contract  and  of  the  materials 
and  equipment  to  be   firnished  by  the  Government  are  contained  in  .Appen- 
dix 111-4(3), 

Contract  Cost  $7,966,482 

Materials  and  Equipment  furnished  by 

the  Government  5,650,660 

$  13,6(57,142 

Engineering  and  Contingencies   (about  18^)  2,449,858 

Total  Cost I  16,057,000 

39,      FEATURE  NO,    5  -  ALTERATIOK   OF  LOCK  25  AND  ATTACHED  DIKES>- 
a..      Description  and  Jurpose,-  Lock  25,   located  at   Iroquois,   Ontario,  is 
a  masonry  struoture   located  at   the   downstreeun  end  of  the  present  Galop 
Canal,     The  present  doping   of  the  lock  is  at  elevation  245,  which  is  not 
sufficient  for  conditions  which  will  exist  after  the  creation  of  the 
proposed  pool,  and   it-  is   proposed  to  alter  the   lock  to  conform  with  new 
water   levels.      It  will  be  necessary  to   raise  and  extend  the  flanking 
dikes   so  as  to  form  an  extension  of  the  Iroquois   Dam  to  high  land  on  the 
Canadian  side   of  the  river.      For  reasons  set  forth  in  paragraph  34o(2), 
this  work  has  been  assigned  P-2  priority,  "" 

b.      Treatment  Under  the  Original    238-242  Plan,   -  The   treatment 
of  Lock  25  and   dikes  as  proposed  under  the  Original  'dS6^24Z  Plan  has 
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been  adopted   in  its   entirety  because   this   lock  is  and  will  remain   Cana- 
dian property,   and  because   it  has  been  impractical  in  the  time  available 
to   study  the  plan  in  detail.      The   Canadian  estimate  was   used  without 
alteration   for  the   same  reasons, 

c.  Additional  Data   oecured,  -     No  additional   data  has   been 
secured,     Tt   is   believed  that   the  necessary  surveys  and  explorations 
could  be  carried  out  anJ  the    complete  plans  prepared   in  3  to  6  months, 
at   an  estimated  cost   of  approximately  $25,000, 

d.  Estimated   Cost,    -      The  estimated   cost  as    taken  from  the  Sn» 
gineering  Report   of  January   1941  is  given  below.     No  new  estimate  has 
been  prepared  by  this   District, 

Contract   Cost,  from  report  of  January  1941      ....•      ^  482,220 
Engineering  and  Contingencies    (about   25%)  121,780 

Total   Cost $604,000 

40,  FEATL^RE  NO.   6  -  REH/JILITATIOK  OF  IROQUOIS,   ONTARIO.-  The 
town  of   Iroquois,  Ontario   located  on  the   Canadian  side   of  the   St.   Law- 
rence  River   opposite  Mile   78  has  a  population  of   approximately  937, 
Practically  the   entire  tovoi  v/ill  be   inundated  or  damaged  after  creation 
of  the  pool  at   final    stage,   and  extensive   rehabilitation  measures  vdll 
be  necessary.     Under  the  provisions   of  the  International  Agreement,   the 
Canadian  Government  will  handle  all   rehabilitation  work  in  Canada,      Ihe 
estimate  of  cost  contained  in  the  Engineering  Report   of  January  1941  in- 
cludes an  item  of  $3,379,000  for  rehabilitation  of  Iroquois,     At  the 
request  of     the   Canadian  authorities,  no   study  of  the  problem  was  made 
by  the  St.   Lawrence  River  District  and  no  recoirmendat  ions  are  presented^ 
The  work  should  be  accomplished  during  the  early  stages   of  the  project 
construction  program   so   as   to  be   coinpleted  before  the   pool   is   raised 
sufficiently   to   affect  the    tov/n.      The  estimated   cost  as   taken  from  the 
Engineering  Report  of  January   1941  is   given  below.      No  new  estimate  has 
been  prepared  by  this   District. 

Contract  Cost,  froci  report   of  January  1941  $3,004,270 

Engineering  and   Contingencies    (about   IZ^o) 374,750 

Total  Cost ,,,  *3, 379,000 

41,  FEATURE  NO,  7  -  POINT  ROCKyfAY  CANAL  AND  APPROACH  CHANFELS,- 

a.   Description  and  Purpose,  -  A  canal  across  Rockway  Point 
is  necessary  for  passage  of  27-foot  navigation  around  the  Iroquois  Dam 
which  vdll  cross  the  river  from  Iroquois  Point  to  the  United  States  shore, 
A  low  lift  lock  in  the  canal  will  be  necessary  because  of  the  head  which 
v/ill  exist  at  the  dam  and  the  slope  of  the  backwater  around  Point  Rock- 
way,   The  proposed  location  of  the  feature  is  in  a  natural  depression, 
which  is  probably  an  old  river  channel  extending  across  Point  Rockway 
as  shown  on  Plate  M-l«  The  plans  for  both  the  canal  and  look  have  been 
developed  in  accordance  with  the  criteria  for  navigation  channels  as 
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stated  in  paragraph  22c,   IWo  short  wing  dikes,  one  extending  in  a  north- 
westerly direction  and  the  other  in  a  southeasterly  direction  from  the 
upstream  ends  of  the  lock  walls  are  necessary  in  order  to  prevent  the 
water  of  the  pool  above  the  dam  from  flowing  through  the  natural  depres- 
«ion  in  which  the  canal  is  located,  Work  is  required  for  navigation 
purposes  only.  Operations  aie  included  in  the  contracts  for  Iroquois  Dem 
and  Point  Rockway  Look  and  P-l  priority,  to  correspond  with  those  fea- 
tures, has  been  assigned. 

b.  Treatment  Under  the  Original  238-242  Plan,  -  The  Origi- 
nal 238-242  pTan  contemplated  a  canal  for  the  same  purpose  varying  in 
width  from  442  feet  to  292  feet  and  located  in  the  natural  depression 
across  Point  Rockway,   Extensive  dikes  parallel  with  and  located  close 
to  the  canal  were  provided  for  in  the  plans.  Botton  elevation  of  the 
canal  above  and  below  the  lock  was  planned  at  214  and  209  feet,  respec- 
tively.  Topographic  limitations  required  a  bend  of  about  30  degrees  in 
the  canal  to  provide  adequate  entrances  and  to  avoid  excessive  excava- 
tion. The  lock  was  located  below  this  bend.   The  location  of  the  canal 
as  proposed  in  the  original  plan  is  basically  correct, 

c.  Adcitional  Data  Secured,  -  A  detailed  survey  for  this 
oanal  was  madeljy  this  office  and  numerous  borings,  probings,  and  seis- 
mic tests  were  taken  and  recorded  on  the  drawings  contained  in  Appendix 
B-1  and  B-2.   These  subsurface  explorations  disclosed  the  presence  of 
previously  unknown  ledge  rock  above  grade.   Alternate  locations  were, 
therefore,  investigated  but  none  was  found  to  be  more  satisfactory  than 
the  original  locatioD. 

d.   Discussion.-  Since  the  Original  238-242  Plan  is  basically 
correct,  only  minor  changes  are  recommended.  Spoil  banks  or  dikes  should 
not  be  located  close  to  the  canal  bank  because  of  a  soft  clay  formation 
which  overlies  ledge  rock  in  this  locality  and  is  inadequate  for  their 
support.   Sirce  elimination  of  the  dikes  wouM  result  in  submergence  of 
both  banks  of  the  canal,  a  bottom  width  of  442  feet  throughout  has  been 
provided  in  accordance  with  criteria  in  paragraph  22o.  Also  the  align- 
ment of  the  canal  will  satisfy  the  straight  line  criterion  referred  to 
in  paragraph  22c,  Because  of  severe  cross  currents  at  the  entrances, 
the  approach  channels  have  been  flared  to  provide  easier  and  safer  ao- 
oess,  T^ith  respect  to  location  of  the  lock,  detailed  investigation  sup- 
ports the  conclusion  that  a  lock  below  the  bend  is  preferable  to  one 
above.  In  iiie  interest  of  econraay,  it  is  desirable  to  utilize  the  large 
amount  of  ledge  rock,  which  will  be  excavated  from  the  canal  above  Mile 
79^  as  a  source  of  concrete  aggregate,  for  cofferdam  fill  and  as  protec- 
tion stone  in  the  construction  of  the  Iroquois  Dem,   This  rock  is  of  sa- 
tisfactory quality,  and  the  amount  to  be  removed  will  be  more  than  ade- 
quate to  supply  all  needs.   Therefore,  the  plans  and  specifications  for 
the  construction  of  the  canal  from  Mile  76,5  to  Mile  79  have  been  incor- 
porated with  those  for  the  Iroquois  Dam.   (See  Drawings  QD-l-190/l  to 
14,  Appendix  111-4(1),)   It  is  also  in  the  interest  of  economy  to  util- 
ize the  ledge  rock  present  in  the  canal  below  Mile  79  for  similar  pur- 
poses in  building  the  lock  and  wing  dikes.   Since  the  priorities  for  this 
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portion  of  the  canal  and  the  look  are  identical,  the  plans  for  the  canal 
from  File  79  to  Mile  81  have  been  incorporated  with  those  for  the  look. 
Sacrifice  of  ^^idth  or  depth  for  early  use  of  this  canal  is  not  reoommend- 
ed  because  of  the  construction  difficulties  and  consequent  additional 
cost  which  would  result  if  a  portion  of  the  work  is  deferred.   The  oon- 
struotior  program  for  the  canal  should  be  left  to  the  discretion  of  the 
contractor  for  the  dam,  insofar  as  is  possible  without  detriment  to  the 
work.  It  should  be  noted  that  the  construction  of  the  lock  will  be 
simplified  and  less  costly  if  performed  before  the  site  is  inxmdated  by 
creation  of  the  pool  above  the  Long  Sault  Dam, 

e.  Present  Status  of  Plans.  -  Plans  and  specifications  for 
the  canal  Tiave  been  prepared  to  the  extent  given  below.   The  proposed  lo- 
cation of  the  canal  is  shown  on  Drawing  QC-R-l/2,  Appendix  111-0(1), 

(1)  Contract  drawings  and  specifications  for  the  canal 
from  its  upper  entrance  at  Mile  76,5  to  the  bend  in  the  canal  near  Mile 
79,  have  been  incorporated  with  those  for  the  Iroquois  Dam,   (Appendices 
111-4(1)  and  (2).) 

(2)  Contract  drawings  and  specifications  for  the  canal 
fro'n  the  bend  at  Mile  79  to  its  lower  entrance  at  Mile  81  are  included 
with  those  for  the  Point  Rockway  Lock,   (Appendices  111-8(1 )  and  (2),) 

(3)  Analysis  of  Design  for  the  entire  canal,   (Appendices 
111-4(3)  Part  II  and  111-8(3).) 

(4)  Detailed  surveys  have  been  completed, 

(5)  All  s.ubsurface  explorations  necessary  for  the  prepara- 
tion of  contract  drawings  have  been  made, 

(6)  Detailed  computations  of  excavation  quantities  havebeen 
made, 

(7)  Advertisement  for  bids  immediately  after  final  approv- 
al of  the  existing  plans  and  specifications  will  be  possible,  and  no 
further  expenditures  for  preliminary  work  will  be  required. 

f.  Estimated  Cost.  -  The  estimated  cost  of  excavation  of  Point 
Rockway  Canal  from  the  point  of  beginning  at  the  upper  entrance,  to  the 
upstream  end  of  the  upper  guide  wall  of  Point  Rockway  Lock  is  approximate- 
ly $4,523,000.   This  estimate  is  based  on  the  assumption  that  the  canal  ex- 
cavatior  will  be  included  in  the  contracts  for  Iroquois  Dam  (Feature  No,4) 
and  Point  Rockway  Look  (Feature  Fo«8).   In  the  complete  new  project  estim- 
ate sximmarized  in  paragraph  76  of  Chapter  IV,  approximately  62  per  cent 
and  38  per  cent  of  the  estimated  cost  of  this  canal  have  been  included  in 
the  estimates  for  the  dam  and  the  look,  respectively,  the  canal  not  appear- 
ing as  a  separaie  item  in  this  estimate, 

42.   FEATURE  NO,  8  -  POINT  ROCKl^AY  LOCK  AND  ATTACHED  DIKES.  - 

a.   Description  and  Purpose.  -   The  location  and  general  layout 
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of  Point  Roclrway  Lock  and   Canal   are   shown  on   Drawing  QC-R-l/2   in  Appen- 
dix 111-0(1)   and   on  Plate  M-1.      The   purpose  of  these   structures   is   to 
carry  navigation  around  the   proposed  Iroquois    Dam,      The   lift   in  the   lock 
will   range  normally  between   1  and  5  feet.      The   lock  chamber   is   80   feet 
in  width,  800  feet  in   length,  and   the  minimum  depth  over   the   sills   is   30 
feet,     ^"ing  dikes  are  provided  on  each  side  of  the   look,  extending  to 
high  ground  on  each  side  of  the  natural  depression  in  which  the  canal   is 
located.      These   dikes   supplement   Iroquois  Dam  in  preventing  by-passing 
of  the   pool  water  around  the   lock.      In  addition,   they  afford  a   conveni- 
ent and   economical   location   for  an  access   highway   to  the   south  abutment 
of   the  dam  and   the   area  between  the   canal   and   the   river  (see  paragraph 
55g),      ''he   downstream  approach   to  the   look  will  be  excavated  to  provide 
suitable   depth  and   alignment   for  navigation.      For  reasons   ^iven  in  para- 
graph  34b   (4),  P-1   priority  has   been  assigned, 

b.  Treatment  Under   the  Original   258-242  Plan,   -  The   Origi- 
nal  238-242  Plan  contemplated  a  canal  with  one   lock  in  practically  the 
same   location  and  for  the  same   purpose  as  now  proposed.      The   governing 
dimensions  are   the  same.     Minor  changes   in  location  and  design  were  made, 

c.  Discussion,   -  The   proposed   lock  is  about   1,000  feet   down- 
stream from  The   location   indicated   in  the   Original   238-242  Plan,      This 
proposed  site  is   further  downstream  from  the  bend  in  the  canal  and  thus 
will  improve  the  upper  approach  to  the   lock.     Investigations  indicated 
that   foundfitim    and   other   conditions   are  equally  satisfactory  at  the 
original   and   proposed  sites.      The    lift  and   general   dimensions   of  the  pro- 
posed  lock  are   as    contemplated   in  the   Original   238-242  Plan,      Sector  gates 
were   adopted  in  lieu  of  miter  gates  because  the  former  can  be   operated 
against   flowing  water   or  static  head  and   can  be  safely  used  for  filling 
and  emptying  the  chamber  under  the    low  heads   that  will   exist  at  this    lock. 
Use   of  sector   gates   also  eliminates  the   necessity  for  a  guard  gate  and  a 
separate   system  of  culverts   aid  valves  for  filling  and   emptying   the    lock 
chamber,  and  permits  the  normal   use   of  one,   instead  of  the  two,  gates  at 
each  end   of  the   lock  with  resultant  savings   in  annual  maintenance   and 
operating   costs.      The    lock  and  approach  walls  and  gate  and  emergency  dam 
sills  were  designed  as  concrete  gravity  sections   founded  on  ledge  rook, 
TVro  pairs   of  sector  gates  are   provided  at   each   end  of  the    lock  chamber  to 
assure  continuous   service.     Because   of  the  small   lift,  it   is   economical 

to  construct  the  upper  gates  to   the   same  height  and  design  as  the   lower 
gates.     The   sector  gates  are  protected  by  wire  rope  fenders   of  the  type 
used  at   the  V'elland  Canal    Locks,      Four  such  fenders  are  provided,   one 
above  and   one  below   each   of  the  two  gate  bays.      An  emergency  or  lock-un- 
watering   dam   is   provided  at  each  end  of  the   lock  chamber,    outside   of   the 
sector  gates.      These  dams    consist   of  steel   stop-log  units   equipped  with 
end   rollers,  which  span  the    lock  walls.      They  are  moved  by  a  fixed  stiff- 
leg  derrick  mounted   on  ih  e  wall  at  each  end   of  the    lock.      The   approaoh 
guide  walls    extend   1,200  feet  beyond  each  end  of  the    lock  and   flare  away 
from  the  entrances  sufficiently  to  permit  mooring  of  one  vessel   of  maxi- 
mum length,  -without   interfering  with  the  clearway  for  a  vessel   emerging 
from  the   lock,      A  bobtail,   through  truss,   swing  bridge  is  provided  across 
the  upper  end   of  the  lock  in  connection  with  the  access  highway   to  Iro- 
quois  Dam  and  the  area  between  the   canal  and  the  river;   the  bridge  will 
also  provide   for   possible  future   railroad  traffic,      (See   Drawing  QL-l-185/l, 
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2  and  3,  Appendix  III-8(1)»)   The  wire  rope  fenders,  emergency  deuns,  the 
swing  bridge,  other  operating  equipment,  all  fixed  metal  and  other  de- 
tails, where  practicable,  are  similar  to  the  corresponding  features  for 
the  proposed  Robinson  Bay  and  Grass  River  Looks.   Earth  dikes  extend  to 
high  ground  on  each  side  of  the  lock  to  canplete  the  dam  across  the  val- 
ley in  which  the  canal  and  lock  are  located.   These  dikes  will  be  con- 
structed of  suitable  materials  fran  the  lock  and  canal  excavation  or  from 
borrow  areas  at  adjacent  till  ridges.   For  design  of  the  section  of  oanal 
above  the  lock  and  a  discussion  of  the  proposed  location  and  layout  of 
the  oanal  and  dikes,  see  paragraph  4ld. 

d.  Present  Status  of  Plans  and  Specifications.  -   Detailed 
plans,  specifications  and  analysis  of  design  for  Point  Rockway  Lock  and 
Dikes,  the  lower  approach,  and  the  oanal  below  Station  159  ^  50  are  con- 
tained in  Appendix  131-8(1),  (2)  and  (3).   Plans,  specifications  and 
analysis  of  design  for  the  canal  above  Station  159  r  50  are  included  in 
Appendix  111-4(1),  (2)  and  (3).   Lock  drawings  show  the  principal  fea- 
tures of  the  work  required,  but  are  incomplete  as  to  detail.  Masonry 
drawings  show  only  the  principal  dimensions  and  layout  of  structures. 

No  reinforcing  steel  details  are  shown.   Overall  dimensions  and  type  of 
main  members  are  shown  for  the  sector  gates  and  other  important  steel 
strjotures,  but  details  of  secondary  members,  connections,  etc.,  are  not 
given.   IllustratioiB  for  gate  machinery  and  other  mechanical  parts,  and 
major  castings  are  included  and  described  where  practicable,  but  are  not 
detailed.   It  is  believed  that  the  drawings  and  specificatiai  s  are  suf- 
ficiently complete  for  the  purpose  of  advertisement  for  bids.  Plans  and 
specifications  and  analysis  of  design  for  the  bridge  are  included  with 
the  lock.   The  bridge  plans  give  limiting  dimensions  only;  it  is  cod;  em- 
plated  that  a  canplete  design  for  the  bridge  and  bridge  operating  machi- 
nery will  be  made  by  the  contractor.  The  bridge  is  supported  by  the  lock 
walls,  which  are  designed  to  carry  the  added  load,  and  thus  no  additional 
substruotvire  work  is  required.   The  analysis  of  design  for  the  lock  is 
not  coriplete,  but  refers  in  many  instances  to  the  proposed  Robinson  Bay 
Lock,  which  covers  in  detail  many  design  features  common  to  both  locks. 
The  Analysis  of  Design  for  Iroquois  Dem  ,  Part  II,  also  supplements  the 
Point  E.ockway  Look  Analysis  for  design  features  of  the  canal.   Prior  to 
advertisement,  it  would  be  desirable  to  take  additional  probings  and 
drill  auger  holes  along  the  dike  foundations,  to  check  the  profiles  of 
the  clay  and  the  underlying  sand  and  gravel.  It  would  also  be  desirable 
to  obtain  undisturbed  samples  of  the  clay  in  the  dike  foxmdations  for 
shear  tests.  A  few  test  pits  should  be  excavated  to  explore  the  extent 
and  character  of  till  in  prospective  borrow  areas  at  adjacent  ridges, 

e.  Estimated  Cost  and  Time  Required  to  Complete  the  Plans,  - 
The  af oreinentioned  explorations  and  tests  could  be  canpleted  in  about 
one  month  at  an  estimated  cost  of  about  $1,000,  without  delaying  prose- 
cution of  the  work.   Supplemental  drawings  for  the  look  structure  will 

be  necessary  prior  to  or  dvuring  ocnst ruction,  covering  mainly  the  addition- 
al details  required  for  construotiai  of  the  masonry,  reinforcing  steel, 
structural  steel  items  and  miscellaneous  metal  parts«  As  many  of  these 
drawings  as  possible  should  be  prepared  to  supplement  the  existing  draw- 
ings prior  to  advertisement  for  bids»  It  is  estimated  that  the  addition- 
al drawings  could  be  ccmpleted  in  approximately  one  month  at  an  estimated 
cost  of  $2,000, 
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f.      Estimated  Cost,   -     A  summary   of  the  estimated  cost    is 
given  below.      Detailed  estimates  are  contained  in  Appendix  111-8(3),     As 
stated  in  paragraph  41f ,  a  portion  of  the  cost   of  the  Point  Rookway  Can- 
al  (Feature  No,   7)    is   included   in  this  estimate. 

Contract  Cost ,,$5,379,713 

Materials  and   Equipment  furnished 

by  the  Government ,,,,,..        836,500 

16,215,213 
Engineering   and   Contingencies 

(about  18^) 1,134,787 

Total    Cost $7,351,000 

43.     FEATURE  HO.   9  -  RIVER  WORK  BEiyTEEN  POINT  THREE  POINTS  AND  CAN« 
ADA  ISLAND.-     &l     Dssoription  and  Purpose.-     The  following  work  is  inolud- 
ocH  ~ 

Point  Three  Points   North  Cut       Waddington  Cut 

Point    Three  Points   South  Cut       Ogden  Island  Middle   Cut 

Leishmans  Point   Cut  Ogden  Island  East  Cut 

Ogden  Island  West  Cut  Removal   of  Morrisburg  Cemal  Dike 

Little  River  Cut  Canada  Island  Cut 

Channel  enlargement  through  the  reach  of  the   river  from  Miles  79,5   to 
85  is  necessary  to   satisfy  the  requirements  for  winter  operation  of  the 
power  plait   and  to  provide   suitable  navigable  depths.      This  work  should 
be  accomplished  with  minimiim  inconvenience  to  existing  navigation  through 
the  open  river,  the   Morrisburg  Canal   or  at  Lock  25  at  the  ecctiranoe  to  the 
Galop  Canal,      The   outlines  of  the   proposed  channel  enlargements  are   shown 
on  Drawing  WC-R-l/l,   Appendix  III-O(l),  and   Plate  M-1.      For  reasons  given 
in  paragrephs   34o   (4),   (5)   and  (6),  P-2  priority  has  been  assigned, 

b.     Treatment  Under   the  Original  238-242  Plan,   -  The   following 
items  for  "Improvement    of  this   portion  of  the  river  were   included  in  the 
Original  238-242  Plan  as  shown  on  Plate  M-II. 

Point  Three  Points    North  Cut,   Grade  /  200 

Point  Three  Points,   South  Cut,  Grade  /  200 

Leishmans   Point   Cut,   Grade  /  215 

Leishmans   Point   South  Cut,  Grade  /  220 

Leishmans   Point  North  Cut,   Grade  /  210 

Ogden  Island  West  Cut,   Grade  /  210 

Ogden  Island  Middle  Cut,  Grade  /  210 

Ogden  Island  East   Cut,   Grade  /  206 

Little  River  North   Cut  and   Little  River  Sotith  Cut,  Grade  /216 

Cut   Across  Ogden  Island,  Grade  /  213 

Waddington  Cut,  Grade  /  210 

Ogden  Island   Bast  Cut  in  Little  River,  Grade  /  210 

Morrisburg  Canal  Dike  Removal,  Grades  /  208,  /  215  and  /  235 

Canada  Island  Cut,   Grade  /  208 

These   channel  enlargements  were  designed  to  provide  mean  velocities   or 
2.25  feet  per    second  to   insure   formation  of  a  winter   ice  cover.     The  pro- 
posed navigation  course  as  shown  on  Plate   M-II  passes  through  the  Ogden 
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Island  Viest,  Middle,  and  East  Cuts,  a  portion  of  the  Morrisburg  Car.al 
Dike  Removal  and  the  Canada  Islend  Cut.   In  order  to  satisfy  the  hydrau- 
lic requirements,  the  grades  in  some  of  these  cuts  iwere  lower  than  re- 
quired for  navigation,  (/  210.6) 

c.  Additiom  1  Data  Seoured.-  Recent  and  more  comprehensive 
soundings  Ty  the'  United  States  Lake  Survey  together  with  additional  sur- 
veys and  subsurface  investigations  by  the  St.  Lawrence  River  District 
resulted  in  various  modifications  in  the  details  of  the  original  plan, 

A  description  of  the  subsurface  investigations  conducted  since  1940  is 
contained  under  "Subsurface  Investigation  for  Navigation  Channels  and 
Hydraulic  Cuts"  in  Appendix  111-0(3). 

d.  Discussion.  -  The  original  plan  is  basically  correct. 
From  study^of  the  additional  data  now  available,  it  is  concluded  that 
substitution  of  the  following  cuts  for  those  of  the  original  plan  will 
result  in  improved  navigation  courses,  and  will  be  more  economical.  See 
Drawing  WC-R-l/l,  Appendix  111-0(1), 

Point  Three  Points  North  Cut,  Grade  /  200 
Point  Three  Points  South  Cut,  Grade  /  200 
Leishmans  Point  Cut,  Gi^de  /  210 
Ogden  Island  West  Cut,  Grade  /  210 
Ogden  Island  Middle  Cut,  Grade  /  210 
Ogden  Island  East  Cut,  Grtde  /  210 
Little  River  Cut,  Grade  /  215 
Waddington  Cut,  Grade  /  210 
Canada  Island  Cut,  Grade  /  210 
Morrisburg  Canal  Dike  Removal,  Grade  /  208 

The  proposed  cuts  provide  sufficient  oross  sectional  area  for  a  mean  ve- 
locity of  flow  not  exceeding  2,25  feet  per  second  as  required  for  forma- 
tion of  an  ice  cover, 

e.  Recommended  Plan.  -   The  recommended  plan  is  shown  on 
DrawiTig  TTC-R-l/l,  Appendix  111-0(1)  and  Plate  M-1,  The  followiig  con- 
struction progran  is  proposed: 

(1)  Construct  dikes  or  cofferdams  in  relatively  shallow 
water  to  include  as  much  as  possible  of  Point  Three  Points  North  and 
South  Cuts,  and  Ogden  Island,  West,  Middle  aid  East  Cuts  followed  by  ex- 
cavation in  the  dry  of  these  outs, 

(2)  Upon  completion  of  the  dry  excavation,  remove  as  much 
of  the  cofferdams  around  Ogden  Island  Cuts  as  possible  without  disturb- 
ing water  levels  in  the  Morrisburg  Canal,  then  suspend  operations  until 
the  pool  above  the  Long  Sault  Dam  is  raised  sufficiently  to  reduce  the 
currents  in  this  reach, 

(3)  After  creation  of  the  pool,  complete  these  cuts  by 
dipper  dredging. 

(4)  Construct  a  cofferdam  aoross  the  head  of  Little  River 
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connecting  with  low  dikes  in  front  of  Leishmans  Point  Cut  and  Ogden  Is- 
land ^Test  Cut,  and  the  necessary  cofferdam  downstream  from  Vfaddington 
Cut,  followed  by  excavation  in  the  dry  of  Leishmans  Point  Cut,  Little 
River  Cut  and  '7addington  Cut  as  one  Job. 

(5)  Upon  completion  of  all  work  possible  in  the  dry,  sus- 
pend operations  xmtil  the  pool  is  raised,  tlien  complete  these  cuts  by 
dipper  dredging. 

(6)  Defer  the  removal  of  Morrisburg  Canal  Dike  and  Canada 
Island  Cut  until  the  pool  has  been  raised  sufficiently  to  permit  up-bound 
14- foot  navigation  to  use  the  open  river,  then  perform  the  work  by  dipper 
dredging. 

f.  Present  Status  of  Plans.-  Contract  plans  and  specifica- 
tions have"iiot  been  prepared.  Preliminary  plans,  estimates  of  cost  and 
various  studies  have  been  made  for  determination  of  the  recommended 
solution.  Ihe   additional  preliminary  work  listed  below  should  be  comf 
pleted  before  final  plans  and  specifications  are   prepared. 

(1)  Hydraulic  model  tests  of  the  recommended  channel 
to  verify  con5>uted  dimensions* 

(2)  Additior^al  subsurface  exploration  by  drilling,  prob- 
ing and  seismic  methods,  to  determine  the  character  of  the  material  to 
be  excavated  and  elevation  of  the  rock  sxarface  in  the  proposed  cuts. 

(3)  A  detailed  survey  for  the  purpose  of  obtaining 
cross- section 8,  profiles,  and  underground  data. 

g.  Estimated  Cost  and  Time  Required  to  Complete  Plaos.-  The 
necessary  model  studies  could  be  completed  within  60  days  by  an  establish- 
ed  hydraulic  laboratory.   The  necessary  data  for  the  model  tests  are 
available.  The  required  subsurface  explorations  could  be  made  by  one  sei- 
smic crew,  one  probing  crew  and  three  core  drilling  crews  in  about  two 
months  during  the  winter  season  and  about  one  month  during  the  navigation 
season.   Dux*ing  the  winter  season  all  land  areas-  concerned  are  access- 
ible.  Drilling  in  the  Rapids  Plat  during  the  winter  is  very  hazardous 
because  of  floating  ice  and  ice  jams,  and  it  is  not  recommended  unless 
urgently  required.  Detailed  surreys  should  be  made  while  the  borings  are 
in  progress.  Yfhen  the  foregoing  work  is  completed  and  the  results  avail* 
able,  thp   time  required  to  complete  the  plans  and  specifications  will 

not  exceed  20  days.  The  estimated  cost  of  the  foregoing  preliminary  work 
and  preparation  of  the  plans  and  specifications  is  as  followsi 

^draulic  Ifodel  Study ...$15,000 

Subsxirface  Exploration. • 5 ,000 

Detailed  Survey.. 12,000 

Preparation  of  Contract  Plans  and 

Specifications.  •••••• •• 1,000 

Total  Cost  of  Completing  Preliminary  Work,...|33,000 

h.  Estimated  Cost.-  "Bie  estijnated  cost  based  on  preliminary 
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plans  and  surveys  and  subsurface  investigations  so  far  made  is  sho^wn 
belov'.   This  is  based  on  the  construction  program  outlined  in  paragraph 
34.  A  more  detailed  estimate  is  contained  in  Appendix  III-0(3). 

Contract  Cost , ;*7,527,250 

Engineering  and  Contingencies  (about  25%)..   1,881,750 

lb tal  CO  st ' 09 ,409  ,000 

44 .  FEATURE  IIP.    10   -  REHABILITATION  OF  VfADDBIGTOIT,  IT.   Y. - 

a.  Description  and  Purpose,-     Waddington,  IT.  Y. ,  population 
671,   is   located  on  Route  No.    37  between  Massena  and  Ogdensburg  on  the 
south  bank  of  the    St.  La-wrence  River  opposite  Mile  84.      The  work  to  be 
performed  consists  of  acquisition  of  property,  and  pos::ible  relocation 
of  some  utilities  at  the  east  and  the  west  ends  of  the  main  street  along 
the  river.     A  milk  station  and  highway  bridge  on  Route  No.   37  near  the 
mouth  of  Big   oucker  Brook,  a.id  the  Norwood  and   St.  Lav;rence  Railroad 
terminal  and  dock  In  the  vicinity  will  be  inundiated.     For  reasons  set 
forth  in  paragraph  34o(3),  P-2  priority  has  been  assigned. 

b.  Treatment  under  the  Original  258-242  Plan.-     The  cost  of 
vAjrk  for  rehabilitation  of  the  village  has  been  included  in  the  Original 
238-242  Plan  under  the  general  heading  "Acquisition  of  Land",  but  no 
details  of  construction  or  rehabilitation  measures  were  given, 

c.  Discussion.-     A  study  of  the  problem  has  not  been  made 
and  no  plan  has  been  formulated.     Relocation  of  the  Norwood  and  St. 
Lawrence  Railroad   terminal  is  discussed  under  Feature  No.   13.      The 
milk  station  must  be  relocated  on  higher  ground.     Route  No.   37  v/ill 
be  relocated  to  bypass  Waddington  to   the   south.     Relocation  or  aban- 
donment of  the  highway  bridge  over  Big   Sucker  Brook  on  Route  No.   37  at 
the  east  end  of  town  is  discusised  under  Feature  No.   12.     A  topographic 
svirvey  of  the  vicinity  has  been  made  by  this  office  and  is  shovm  on 
Drawings  Nos#  WS-1-511/9  and  10,  Appendix  III-O(l).     Additional   surveys 
will  be  required  to  locate  the   taking  line,  to  determine  the  extent 

of  property  darage,  and  to   secure  data  on  utilities.      Subsurface  ex- 
ploration may  be  necessary  to  determine  the  effect  of  higher  levels 
on  existing  foTondations,     Acquisition  of  property  for  proposed  reloca- 
tions will  be  necessary.     After  completion  of  the  surveys,  plans  T;ill 
probably  be  required  for  relocation  of  utilities.      These   surveys  and 
plans  vrill  not  delay  construction  work  since  they  can  be  completed  prior 
to  the  end  of  the   second  stage  of  construction. 

d.  Estimated  Cost  and   Time  Required  to  Complete  Plans«-       It 
is  estiinate*d  that  the  preliminary  v;ork  will  require  three  montte'and 
will  cost  about  $  5,000. 

e.  Estimated  Cost.-  Since  no  separate  study  has  been  made, 
the  cost  is"  included  in  Feature  No.  37,  Acquisition  of  Land  and  Ease- 
ments in  the  United   States. 

45.  FEATURE  NO.    11  -  REHABILITATION  OF  T.IORRISBURG,  ONT.\RIO.- 
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The  town  of  Morrisburg,  Ontario,  located  on  the  Canadian  side  of  the 
St.  Lawrence  River  opposite  Kile  85  has  a  population  of  approximately 
1,420,     A  substantial  portion  of  the  town  will  be  invindated  or  damaged 
after  creation  of  the  pool  at  final  stage  and  extensive  rehabilitation 
measures  will  be  necessary.     Under  the  provisions  of  the  International 
Agreement,  the  Canadian  Government  will  handle  all  rehabilitation  work 
in  Canada.     At  the  request  of  the  Canadian  authorities,  no   study  of  the 
problem  was  made-  by  the   St.   Lawrence  River  District  and  no  recommenda- 
tions are  presented.      The  work  should  be  acooimlished  during  the  early 
stages  of  the  project  construction  program  so  as  to  be  completed  before 
the  pool  is  raised  sufficiently  to  a^ffect  the  town.      Iflie  estimate  of 
cost  contained    n  the  Engineering  Report  of  January  1941  includes  an 
item  of  §5,024,000  for  the  rehabilitation  of  Morrisburg  as  follows t 

Contract  Cost,  from  report  of  January  1941.. ....•^4,465,310 

Engineering  and  Contingencies   (about  12^). 558,690 

Total  Cost...... 15,024,000 

46.      FEATURE  NO.    12   -  RELOCATION  OF  UUITED  STATES  HIGBiVAYS  BEOWEEN 
YfADDINGTON  Alto  MAS£EM,  N»Y,-     a.     Description  and,  Furpose.-     Portions 
of  llew  ifork  State  liighway  Routes  37  and  STB  between  Massena  and  Wadding- 
ton  will  be  flooded  after  the  pool  is  raised  to  operating  level.     It  is 
proposed  to  relocate  the  flooded  sections.     For  reasons  set  forth  in 
paragraph  34o(7),  work  has  been  assigned  P-2  priority. 

b.     Treatment  under  the  Original  238-242  Plan.-     The  238-242 
Plan  provfdod  for  relocation  or  reconstruction  of  these  highways,  but 
few  details  of  the  plan  are  available. 

c«     Discussion.-     The  proposed  relocation  of  Route  STB  is   short- 
er than  that  under  the   Original  238-242  Plan.     It   involves   locating  the 
Richards  Landing  dike  north  of  Route  STB,   except  near  Massena  Canal  In- 
take,  and  moving  Bradford  Point  dike  westward  so  as  to  permit  use  of  the 
existing  road  as  the  connection  between  Route  STB  and  Route  37.      (See 
Plate  U-1.)     The  proposed  relocation  of  Route  ST  between  Coles  Creek 
and  Waddington  involves  an  entirely  new  alignment  fron  that  under  the 
Original  238-242   Plan.     Surveys  and  cost  estimates   of  various  locations 
south  of  the  existing  road  disclosed  that  relocation  of  the  road  further 
south  will  be  less   expensive  than  its  reconstruction  in  the  present  loca- 
tion. 

d.     Relocation  of  Route  3TB.-     The  recommended  plan  for  re- 
location of"route  STB   is   shown  on  Drawing  No.  LHN-1-l/l,  Appendix  III-O 
(l).     The  westerly  portion  of  relocated  highway  consists   of  the  existing 
road  beginning  at  Route  ST  and  running  along  Bradford  Point  Dike  to  the 
northerly  end  thereof.     It  will  then  continue  for  a  distance  of  about   T 
miles  along  nev/  and  existing  roads  to  Richards   loint.     Construction  of 
about  5  miles   of  new  roads   is   involved.     The  highway  will  consist  of   a 
bitviminous  macadam  pavement,  22  feet   in  width  and  6 -foot  shoulders.     No 
bridges  v/ill  be  required. 

e»     Relocation  of  Route  57.-     The  recommended  plan  for  reloca- 
tion of  Route  3T   is  shewn  on  Drawings  Kos.  7^H-l-l/S-8,  Appendix  III-0(1)« 
The  relocated  highway  will  start  at  a  point   Just  south  of  Waddington  on 
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Poute  345  and  continue  for  about  6  miles  to  a  junction  with  the  existing 
Route  37  east  of  Coles  Creek.   The  highway  will  be  of  construction  simi- 
lar to  the  relocated  Route  37B  described  above,   typical  sections  and 
details  are  shown  on  Drawing  V^HN-l-l/2,  Appendix  111-0(1).   Bridges  will 
be  required  at  the  crossings  over  little  Sucker  Brook,  Brandy  Brook,  and 
Coles  Creek.  TVo  plate  girder  bridges  now  installed  on  the  abandoned 
part  of  the  present  road  are  available.  Standard  New  York  State  Highway 
Specifications  for  roads  of  this  class  will  be  used.  Geological  recon- 
naissance and  explorations  for  the  purpose  of  determining  overburden  con- 
ditions at  the  bridge  sites  end  at  high  fills  hetrieen   Coles  Creek  and 
Route  No,  345  have  been  completed.  The  explorations  consisted  of  test 
pits  and  auger  holes,  and  drilling  one  hole  in  overburden.   The  locations 
and  records  of  the  explorations  are  shown  on  Drawing  wHN-l-2/l,  Appendix 
111-0(1). 

f.  Bridge  Site  at  Coles  Creek,-  The  explorations  disclosed 
that  the  overburden  at  the  Coles  Creek  site  consists  of  silty  sand  for 
depths  up  to  5  feet  vmderlain  by  compact  silty  and  gravelly  sand.  At  the 
site  of  the  abvrtments,  the  overburden  consists  of  compact  silty  and  grav- 
elly sand.  It  is  oonsi-dered  that  little  difficulty  tjIII  be  experienced 
in  obtairing  suitable  foundations  for  the  bridges  and  that  side  slopes 
of  1  on  ij  for  fill  will  be  satisfactory, 

g«  Fill  Sites  on  Tribtitaries  of  Coles  Creek,-   Explorations 
showed  that  the  overburden  in  the  tributary  located  1,000  feet  southwest 
of  Coles  Creek  is  firm  material  and  that  side  slopes  of  1  on  1^  for  fill 
are  satisfactory  at  this  location.  The  overburden  in  the  tributary  2,500 
feet  southwest  of  the  Coles  Creek  bridge  site  consists  of  soft  clay  to  a 
depth  of  at  least  12  feet,  and  side  slopes  of  1  on  3  for  fill  are  required 
in  this  area, 

h.  Bridge  Site  at  Brandy  Brook,-  Test  pits  and  auger  holes 
shewed  thaT  the  overburden  at  the  sites  of  abutments  consists  of  firm 
material,  generally  a  silty,  gravelly  sand.   The  hill  which  rises  above 
the  northeast  abutment  consists  entirely  of  compact  fine  to  medium  sand, 

i.  Bridge  Site  at  Little  Sucker  Brook,-  A  test  pit  at  the 
Little  SucTer  Brook  site  disclosed  silty  sand  aid  gravel  3,0  feet  below 
the  ground  surface,  indicating  firm  material. 

j.  Present  Status  of  Preliminary  Wprk.-  The  preliminary  work 
perfonned  Tn  connection  with  Route  37  consists  of  a  field  survey,  subsur- 
face explorations  and  determination  of  slope  and  allowable  loading  on  fills, 
Profiles  of  the  route  and  detailed  contour  maps  of  bridge  sites  were  made. 
Explorations  inclvKle  borings  and  test  pits  at  sites  of  all  bridges  and 
high  fills.  Results  of  probing  are  shown  on  Drawing  WHW-l-S/l,  Appendix 
III-0(1)«  Additional  cross  sections  will  be  required  along  the  new  loca- 
tion to  determine  qutntities  of  materials  moved.  Bridge  relocations  will 
require  further  study  involving  design  of  a  new  brtdge  and  design  of  abut- 
ments for  relocfited  girders  of  tv.o  bridges.  No  field  work  was  performed 
In  connection  with  the  relocation  of  Route  37B,  A  plan  and  profile  were 
plotted  from  existing  contour  maps,  A  field  survey  will  be  necessary  to  ob- 
tain the  alignment,  a  profile,  and  cross  sections  for  estimating  quantities. 
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Subsequent  to  the  field  survey,  the  plan  and  profile  map  should  be  revis- 
ed and  ocMnplete  contract  dra-^ings  prepared.      This  work  should  be  coordi- 
nated with  field  work  relating  to  adjacent  dikes.     Subsurface  explora- 
tions will  also  be   required  for  determination  of  highway  foundation. 
Drawings  pertaining  to  this  feature  are   included  in  Appendix  III-O(l), 
and  an  analysis  of  design  is  presented  in  Appendix  111-0(3), 

k.      Estimated  Cost  and  Time  Required  to  Complete  Plans,-  It 
is  estimate?  that  additional  field  work  will  require  one  montVi',  and  will 
cost  $1,500,      The  total  cost   of  all  additional  preliminary  engineering 
is  estinated  at  |10,000,      This  work  will  not   delay  the   construction  pro- 
gram as  it   can  be  performed  at  any  time  before   completion  of  the   second 
stage  of  construotion.       It  would  be  desirable  to  complete  the  foundation 
course  in  one  working  season  and  allow  it   to  settle  prior  to  placing 
the  bottom  and  top  courses  the  following  season, 

1,     Estimated  Cost,-     The  estimated  cost  is   given  below,     A  de- 
tailed estimate  is   contained  in  Appendix  111-0(3), 

Contract  Cost • • |678,838 

Engineering  and   Contingencies   (about   25^),,,,,     170,162 

Total   Cost    ,,,,, $849 ,000 

47.      FEATURE  KG,    13  -  RELOCATION  OF  KORTOOD  AND  ST,    LATOENCE  R-AIL- 
ROAD,        a ,      Description  and  Purpose,-     The  Morwood  and  St.   Lawrence  kail- 
road  Compiafay  operates  a   single   track  line  from  Norwood,  New  York,  where 
it  connects  with  the  St,   Lawrence  Division  of  the  New  York  Central  to 
Waddington,  New  York,     A  limited  amount  of  freight  and  passenger  traffic 
is  handled  over  this  railroad,  which  is  about  18  miles  long.      The  Wadding- 
ton terminal  is  on  the   St, Lawrence  River  at  the  mouth  of  Big  Sucker  Brook 
and   includes  a  dock  for  the   interchange  of  pulp  wood.     The   dock,  station, 
and  a  portion  of  the  track  will  be  flooded  by  the  pool  created  during  the 
third  stage  of  construction.     The  railroad  bridges  across  Little  Sucker 
Brook  and  Brandy  Brook  will  also  be  flooded.      For  reasons   set  forth  in 
paragraph  34c(7),  P-2  priority  has  been  assigned, 

b.  Treatment  under  the   Original   238-242  Plan,-     The  Original   238- 
242  Plan  proposed   relocation  of   the   tenninal   to  a  point  upstreeun  from 
Waddington  at  which  deep  water  for  navigation  would  be  available  after 
creation  of  the  pool.      It  was   proposed  to  begin  the    railroad  diversion 
east  of  Brandy  Brook  and  bypass  Waddington*     New  railroad  bridges  would 

be   required  across  Brandy  Brook,  Little  Sucker  Brook,  and  Big  Sucker  Brooke 

c.  Discussion,-     The  railroad  interests  prefer  to  retain  the 
terminal  at  approximately  the  present  location,  but  at  a  higher  elevation. 
Deep  water  will  be  available  when  the  pool  is   created.     Preliminary  stud- 
ies  indicate  that  materials  will  be  saved  by  this   plan.      The   length  of  the 
new  trade    required  will  be   considerably  less,  but  a  hew   dock  will  be  re- 
quired in  either  case.     Preliminary  studies  indicate  that  the  two  exist- 
ing bridges  over  Brandy  Brook  and  Big  sucker  Brook  could  be   raised  under 
this  plan,  while  three  new  bridges  would  be  required  under  the  original 
relocaticc  plan.     However,  this  matter  requires  further  study,     A  construc- 
tion railroad  spur  line  will  probably  be  required  in  connection  with  the 
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proposed  vrork  at   Iroquois   Dem    and   Point  Rockway  Look,     A  portion  of  this 
spur  lice  can  be   located  so  as   to  serve  as  part  of  the  proposed  perma- 
nent relocation, 

d.  Proposed  Plan.-     The  plan  now  proposed  provides  for  main- 
taining tFe   existing  alignment   aid  raising  ttie  tracks  from  a  point  about 
7D0  feet  -west   of  Brandy  Brook  to  a  point  about   200  feet  east   of  Little 
Sucker  Brook,  and   thence  approaching  the  now   dock  from  the  east   rather 
than  from  the    southtvest  as  at   present.      This   plan   involves  raising  the 
bridges   at  Brandy  Brook  and  Little   Sucker  Brook,   the   construction  of  a 
new    dock  about  ^  mile   downstream  from  the  present   location  and  the   oon- 
struotion  of  a  new  depot,      A  sketch  showing  a  feasible  plan  and   profile 
is   shown  on   Drawing   Ko,  WRR-R-l/l,  Appendix  111-0(1). 

e.  Present  Status   of   Plans,-  Contract  plans   have  not  been  pre- 
pared,     A^topographic    survey  of  the  general   locelity  was  made.      Detailed 
surveys  will  be    required   in   connection  with  the  two  bridges  to  be    rais- 
ed,  the    site   of  the   new  railway   station  and  new  dock,  and   to  determine 
the   profile   of  the  proposed   relocations.      Subsurface   explorations   at  the 
various   construction   sites  will   be  req-dred, 

f.  Estimated   Cost   ard    Time  Required   to  Complete  Plans,-   Since 
it  will  be"  necessary   to    reloocte   the    railroad,   etc.,   prior  to  creation 
of  the    pool  during  the    third   stage   of  construction,  the   surveys  and    sub- 
surface explorations,   and   preparation   of  contract  drawings  and   specifi- 
cations must  be  completed  during  the  first  or   second  stage  of  const  mic- 
tion.     The  77ork  will    require  three  months  and  is   estimated  to   cost 
16,000. 

g.  Estimated   Cost,-     The    cost  as   taken  from  the  Engineering 
Estirfite   of  June   1941   is  given  below.     No  new  estimates  have  been  pre- 
pared by  this   District, 

Contract  Cost,  from   Estimate   of  June   1941 $209,000 

Engineering  and    Contingencies    (about   Zb%) .,,,.,,      52 ,000 
Tota  1  Cost $261,000 

48,      FEATUBE  NO.    14  -  DIKES   ON  UNITED  STATES   SIDE  BE'mEW.  WADDING- 
TON  AKD  CROIL  ISLAND,-     al       Description  and  PurposeT^      The   proposed 
Coles   Creek,  Bradford  PoTnt,  and  Louisville    Landing  dikes  are   located 
from  one-half  to   two  miles    inland  from  the    St,    Lawrence  Rjver  between 
Miles   89  and   96,      See   Drawing  LE-Al-2/l,   Appendix  111-0(1),     The  dikes 
are  required  to  prevent    overflow   of  pool  water  into  Grass  River,        The 
Coles   Creek  Dike   extends  across   a  flat,   sandy  marsh  and  terminates   on 
higher  ground   on  either  side.      The  Bradford  Point  Dike  and  Louisville 
Lai  ding   Dike  No,   3  extend  bet^veen  two  glacial  till   ridges  and    cross  a 
wide  valley.      The   Louisville  Landing   Dikes  Nos,    1,  4,  and  5  are   small 
dikes   on  firm  material   between  high  points.      For   reasons  set   forth   in 
paragraph   34c(8),  P-2  priority  has   been  assigned, 

b.      Treatment  vmder  the  Original   238-242  Plan,-     Similar 
dikes  were  Tncluded  in  the  Original  238-242  Plan,      Additional    subsurface 
data  indicate  that  slight   changes  in  the  locaticns  are  advisable  for 
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Bconor.ic   reasons.      Therefore,  the  Bradford  Point  Dike  has  been  moved  to 
the  west   side   of  the  adjacent  highway  to   preserve  the  existing  road, 
and   the  former  Louisville  Landing   Dikes   Nos,    2  and   3  have  been  combined 
into  one   dike   at   the    location   of  the   proposed  Dike   No.    3. 

c.      Discussion.   -   The   subsurface  explorations   indicate  that 
in  the  vaiTeys   at  both  the   Bradford  Point    Dike  and  Louisville   Landing 
Dike  Ko,   3,  the  overburden   consists   of  soft  clay  overlain  by  10  to  20 
feet  of  loose,  uniform,  silty  sand.     The  Coles  Creek  Dike  has  a  free- 
board averaging  5  feet,  with  20-foot  top  width  and  slopes  of  1   on  1^. 
Riprap  will  not  be   necessary  because  this   dike  will  be   protected  against 
■wave  action  by  the  land  in  front,   the  elevation  of  which  is  generally  above 
the  ordinary  operating  level   of  the  pool.      The  Bradford  Point  Dike  and 
the  Louisville  Landing  Dikes  are  as  follows:        (1)     top  width,   35  feet, 
(2)   upstream  and  downstreeun  slope,   1  on  3  and  1   on  2^,  respectively,   (3) 
the  upstream  slope  will  be  protected  by  heavy  riprap,   (4)   fill  will  be 
compacted  earth,  and    (5)  a  cut-off  trench  and  a  drainage  trench  will  be 
provided  where  the  height  is  greater  than  10  feet.     These  dikes   obstruct 
the  natural  drainage  of  the  swamp  land   located  to  the   landward  and  drain- 
age works  will  be  required  for  the  natural  xnmoff  and  seepage  of  pool 
water  through  the   dikes  cr  their  fbundationa.      This  drainage  system  is 
discussed  under  Feature  Ko,   15.      Earth  fill  for  all  dikes  can  be  obtained 
in  the  immediate  vicinity.     However,   it  will  be  necessary  to  obtain  heavy 
riprap,   sand  and  gravel  filter,  and  backing  materials  from  more .distant 
sources.      Light  riprap  can  probably  be  obtained  from  stones  in  the  earth 
fill, 

d.  Present   Status   of  Plana.-  Detailed  plans  have  not  been 
prepared.     Geological  reconnaissance  has  been  undertaken  at   the   sites  of 
Coles   Creek  Dike  and  Louisville  Landing  Dikes  Nos,    1,  4  and  5,     At  the 
sites   of  Bradford  Point   Dike  and  Louisville  Landing   Dike  No.   3,  test  bor- 
ings in  the  overburden  were  made,  and  seismic  exploration  was  made  to  de- 
termine bedrock  elevations.     Before  final   design  can  be  completed,  detail- 
ed surveys  and  additional  exploration  will  be  required.     The   location  of 
all  explorations  canpleted  and  the  records  of  the  drilling  are   shown  on 
Drawing  LE-Al-2/l,  Appendix  111-0(1),      Quantity  aad  cost  estimates  were 
made  for  each  of  the  dikes, 

e.  Estimated  Cost  and  Time  Required  to  Complete  Plans,-  It 
is  estimate"?  that  4,000  men  hours  will  be  required  to  complete  the  en- 
gineering investigation  and   prepare   contract  plans  and  specifications  at 
a  cost  of  $10,000,      This  work  should  be   scheduled  so  that  the   dikes  can 
be  completed  before  the  pool  is  raised  to  operating  levels, 

f.  Estimated  Cost.-  The  astimated  cost  is  shown  below.     A  de- 
tailed estimate  is  contained  in  Appendix  111-0(3), 

CcQtraot  Cost |587 , 950 

Engineering  and  Contingencies  (about   25^),,.,.   147,050 

Total  Cost $735,000 

4S.      FEATURE  NO.    15   -  MAS3ENA  CANAL  INTAKE  WORKS  INCLUDING  RICHARDS 
LAKDING  DIKE.-     a.      Description  and  Purpose,-     The  Uassena  Power  Canal 
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is   the  property  of  the   St,    Lawrence  River  Power  Company,  a  subsidiary  of 
the   Aluminxon  Company  of   America,     It   has  a   length  of  about    3  miles  and 
extends    ir.  a  southeasterly  direction  from  the   St.    Lawrence  River  at   the 
upper  end   of   South  Sault  channel  to  a  powerhouse  on  the  north  bank  of 
Grass   River,      The   head   at   the   powerhouse  is  about  43  feet,      A  permit  has 
been  granted  by  the  Tfar  Department  for  -the   use   of  25,000  second- feet  of 
water,   from  which  about  80,000  horsepower  can  be  developed.      During  sev- 
ere winters,   ice   in  the  canal   causes  a   considerable  reduction  in  discharge, 
head   and   power.      The   power   is  used   solely  for  the  manufacture   of  alxaal- 
num.      In  order  to  assure  uninterrupted  production  during  the  construction 
of  the   proposed   St,    Lawrence   pro.ject,    certain  control  works  at    the    caaal 
intake   are  required.      Those   intake  -works   consist  of  a   central   spillwjy    or 
gate   structure   of   reinforced   concrete  flanked  by  bulkheads   of  mass  con- 
crete  embedded   in  flanking  earth  -"Aiing  dams.      They  will  be   constructed  at 
the  head  of  the  present  power  canal  and   across  a  cut-off  connecting  the 
river  and  the  power  canal.      The  Mercator  Coordinates   of  the  structure   are 
as  follows: 

End   of  north  bulkhead  at    dam  axis  -  N,   1,808,491,06 

E,        345,976.37 

litod  of  south  bulkhead  at   dam  axis   -  N,    1,807,888,94 

E,        345,753,63 

The   Richards  Landing  Dike   is   an   earth    structure   extending  about  2  miles 
upstream  fron-i  the   intake  works.      It  will   extend   from   the  west   end  of  the 
south  wing   dam  of  the  intake  works   upstream  to  high  ground.      Drainage 
■will  be  req\3ired  for  the   low  areas   lying   landward   from  the  dike,      M&tari- 
als   for   construction  of  the  dike   can  be   obtained   from  the  till  ridges  in 
the  vicfnity.      The   required  riprap  can  be    obtained  from  boulders  embedded 
in  the   earth  material.      No  sand  and  gravel   fill   or  backing  material  will 
be   required.      For  reasons   set  forth   in  paragraph  34b(5),  F-1   priority  has 
been  assigned,  "" 

b.      Treatment    under  the  Origiroal    238-242  Plan.-   The   Original 
238-242  Plan  included  a    similar  s  true tu re,   but  no  detailed   plans  are 
available.      It  was  described  as   a  weir,  probably  consisting  of  a  series 
of  full  depth  openings   controlled  by  vertical  lift   or  sector  gates.      The 
method  of  diversion  through  a  bypass   or  cutoff  canal  was   the  same  as   that 
now  proposed;    however,   the   original    structure  was   centered   on  the   old  can- 
al  instead   of   on  the   cutoff  canal   as   in  the   proposed   plan.      The   sections 
used  for  all  earth   dikes   have  been  modified  in  accordance  with  foundation 
conditions   as   determined  by  additional  investigatiors, 

0,  Additional  Data  Secured,-  Several  borings,  probings,  and 
seismic  explorations  of  the  site  and  soil  analyses  have  been  made.  New 
data  regarding:  the  effect  of  ice   on  a   structure   of  this  type  are  available, 

d.      Discussion,     V.'ith  a   given  quantity  of  water,    production  of 
power  at   the   proposed  Barnhart  Island   development  will  be   twice  as  much  as 
with  the  Massena  Pcffier   Canal,      It  is  therefore   obvious  that  when  the  de- 
mand at   the  Barnhart   Island  Powerhouse  becomes   great   enough  to  use  the 
entire   flovv   of  the  river,    some  arrangement  will   probably  be  made  to   termi- 
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nate  the  water  rights   of  the  St.    Lawrence  River  Pcfwer  Company  and   supply 
the  Alvuninum  Company  with  power  from  Barnhart  Island,     Hov;ever ,  during 
the   later   stages    of  the   construction   of  the  proposed  project  the   increas- 
ed pool   level   at  the  canal   intake  will  put  the  Massena  plant  out    of  busi- 
ness  as  a   power   producer   some  months  before  the  production  of  power  ^^vill 
beoor.ie  possible  at  Barnhart  Island.      Since  interruption  of   the  production 
of  aluminum  is  undesirable  ,  it  ^lill  be  necessary  to  install  control  works 
at   the  head   of  the    canal  which  will  permit   operation  continuously  during 
the   construction  period.     The  proposed  change   in  location  of  the  perma- 
nent canal  intake   structure  from  that   shown  in  the  Original   238-242  Flan 
will  make  possible  construction  in  the  dry  before  creation   of  the  pool* 
Bottom  outlet  gates  will  be   used   to  keep  the   discharge  surfaces   completely 
submerged  tt  all  times.      This  will  eliminate  freez^ing  and  also  require 
a  minimum  amount   of  gate  movement   for   regulation  of  flow  because  .the 
gates  will   always  have   considerable   head   of  water  and  a   small  adjustment 
will  cause   large  flow  fluctuations.     Because  there  is  no  spillway  between 
the  intake  works  and  the  powerhouse  at  the  Aluminum  plant,  the  works  are 
designed   so  that   the   canal  can  be   automatically  maintained  at  its   present  • 
or  other  desired  level  regardless   of  variations  in  demand  and  in  river 
elevations.      Although   the  design  of  the   structure   itself  is   practically 
complete,  study  will  be   required  during  the  construction  of  the  works   in 
cooperation  v/ith  the  Aluminxam  Company   regarding  the  serious  operating 
problems   involved.     Modification  of  the  two  existing  wasteway   sluices   at 
the  powerhouse  or  possibly  the  provision  of  a  rather  expensive  spillway 
at  the  lower  end  of  the  canal  may  be   necessary, 

e.      Recommended  Plan,-      The  plan  recommended  consists  of  a 
partly  reinforced  concrete  outlet  structure  flanked  by  earth  wing  dams. 
The   concrete    structure  will  be   built    on  the  center  line   of  a   short  di- 
version  or  cutoff  canal  which  will  be   excavated  immediately  south  of  the 
present  canal   above  the  existing  highway  bridge.      This  diversion  canal 
will   serve   as   the   permanent  waterway   after  the    structure  is   completed 
and   the  present  canal  will  be  closed  by  the  new  north  wing   dan.      The 
gate  house   or  spillway  will  be  equipped  with  eight  9-foot  by  14-foot 
tractor  gates   operated  by  individual   electric  hoists.     Stop-log  slots 
will  be  placed  upstream  and  downstream  from  each  gate  and   provision  I'dll 
be  made  for  installation  of  trashracks   in  the  upstream  slots.     The   deck 
will   carry  a   roadway  and  an  overhead  traveling   gantry  crane.      The   dam 
will  be  approximately  100  feet  high  above  the   rock  foundation  and  642 
feet  long  from  end  to  end   of  the  concrete  bulkheads  which  will  be  joined 
to  the   earth  wing  dams.      The  ring  dans  will  be    of  compacted  earth  pro- 
tected  on  the   upstream   side  with  riprap  and   on  the  downstream   side  with 
rock  and    gravel  drains.      The   intake  works  will  maintain  constantly  regu- 
lated flow  at   all   stages    of  the   St.    Lawrence  River  from  present   stage 
up  to  final  pool  elevation,   irrespective   of  the   powerhouse   demand.      This 
will   be  accomplished  during  the   diversion  period  by  manually  operated 
stop-logs   later  supplemented  by  two   of  the   permanent   tractor  gates   opera- 
ted by  their  fixed  hoists,  and   during  the  final  closure   of  Long  sault 
Dam  by  use   of  all  the  tractor  gates.      The   tractor  gates  will  be   oper?ted 
automatically  through  float   wells,   located   at    the   intake   structure  and 
at     the   powerhouse   aid  electrically  connected  to  the   individual  gate 
hoists, 
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f.  Present  Status  of  Plans  and  Speolfioations,»  The  gen- 
eral plens,  specifications,  and  design  analysis  f^or  the  Massena  Canal 
Intake  vrorks  have  been  completed  and  comprise  Appendices  111-15(1)^ 
(2),  and  (3),   Contracts  for  the  construction  of  the  structure  including 
the  flanking  earth  dikes  can  be  consummated.  The  plans  and  specifications 
provide  only  for  erection  of  the  gates,  electrical  conduits,  and  operat- 
ing machinery,  including  the  traveling  crane.  Plans  and  specifications 
for  the  purchase  of  the  gates,  gate  hoists,  crane,  and  the  electrical 
equipment,  have  not  been  prepared  although  the  principal  features  of 
all  of  this  equipment  have  been  so  defined  by  the  design  analysis  and 
shown  on  the  drawings  that  the  contract  plans  and  specifications  caa  be 
readily  prepared.   Soil  conditions  under  the  south  wing  dan  will  reqiiire 
further  study  before  construction,   A  thorough  hydraulic  model  study 
should  be  made  with  special  attention  to  the  design  of  the  Stilling  bas- 
in and  to  operation  of  the  headv/orks  and  canal.   These  studies  should  be 
initiated  shortly  after  the  general  contract  for  the  structure  is  let  so 
that  any  necessary  changes  may  be  made  before  the  gates  are  fabricated. 
In  connection  with  the  Richards  Landing  Dike,  it  will  be  necessary  to 
make  surveys  and  economic  studies  of  the  property  damage  involved  at 
various  locations  in  order  to  determine  its  exact  location  and  design. 
Explorations  to  date,  consisting  of  8  drill  holes,  indicate  that  the  over- 
burden is  generally  a  clay  overlain  by  5  to  10  feet  of  loose  uniform 
silty  sand;  however,  buried  till  hills  may  rise  almost  to  the  ground  sur- 
face beneath  this  alluvial  blanket.   The  location  of  all  explorations 
and  the  records  of  the  drilling  are  shown  on  Drawings  iyj-A-2/l  and  IIV-1- 
1/4,  Appendix  B-1,  Quantity  and  cost  estimates  for  the  dike  hwve  been 
made.  It  is  estimated  that  all  of  the  tmfinished  work  described  above 
will  cost  approximately  |25,000  including  the  cost  of  the  hydraulic  mod- 
el studies.   The  model-  tests  can  be  made  in  three  months, 

g.  Estimated  Cost.-  The  sxanmary  of  estimated  costs  is  ^iven 
below,  A^detailed  estimate  of  cost  for  the  Intake  Works  is  contained 
in  Appendix  111-15(3), 

(1)  Intake  Works 

Contract  Cost , $2,413,317 

Materials   and  Equipment 

furnished  by  Government,, 925,255 

$3,338,572 
Engineering  and   Contingencies 

(  ab  out   18^ ) 601,428 

Total  Cost 17,940,000 

(2)  Richards   Landing  Dike 

Contract  Cost ,,,,, , .$1 ,195 ,650 

Engineering   and  Contingencies   ■ 

(about   25^) 298,350 

Totel    Cost "T,494,000  . 

Grand  Total , $5,434,000 
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50.      FEATURE  NO.    16  -  LOKG   SAULT  CAI^AL  INCLUDING   DIKES  NOS.    1,   5^ 
5  AND  6  AI:D  TFE   EO^^TTSTREAIJ  AFFROACP  CBANNEL.-     bT.      Desoription  and   PurT 
pose*-       The   constnjotion  of  a   ship  canal  arounT  the   Long  Sault   Dam  and 
the  Bamhart  Island   powerhouse  is  necessary  to  provide  deep  draft  navi- 
gation through  this   section.     Two  locks,  having  a  maximinn  combined  lift 
of  approximately  90  feet,  are  required  to  overcame  the  difference  in  le- 
vels  created  by  the  dam  and  porterhouse ,     Because    of  topographical  feat- 
ures, it  is  advisable   to  locate   the   lower  lock  near   the  mouth  of  Grass 
River  and  the   upper   one   near  Robinson  Bay,      The   topography  is   adapted 
to  an  intermediate  pool,  with'  surface  elevation  approxirr.ately  200  feet, 
thus  making  the   lift  at  the   locks   nearly  equal.      The   location  of  the 
canal,   locks  and   the   entrance   channels  were  planned  to  conform  with   the 
criteria   stated   in  Chapter  II,      The   recommended   location  and  plan  of   the 
canal   and   locks   appear    on  Plate  M-I    and  Drawings   SC-R-l/S  and   D/IC-R-l/l, 
Appendix  111-0(1),      For  reasons   set  forth  in  paragraph  34b(6),  P-1  prior- 
ity has  been  assigned,  "" 

b.      Treatment  under   the  Original   238-242  Plan.   -   The  Original 
238-242  Plan  contemplated  a  canal  having  a  width  of  192  feet  in  its  upper 
reaches   and  generally   292  feet   in  the   remainder  (see  Plate  M-Il),      Canal 
grade  was   established  at   211,0  in  the  portion  through   the   pool  above  Long 
Sault  Dam,  at    173,0  through  the   intermediate  pool  between  the  locks,  and 
at  124,0  in  the   lov/er  approach.     Five  structures  in  addition  to  the  oaaal 
and  system  of  dikes  were  proposed  in  the  original  plan,  vizj    (l)  a  guard 
gate  above  Robinson  Bay  Lock;    (2)   Robinson  Bey   Lock;    (3)   a  supply  weir 
for  the  intermediate  pool  below  this   lock;    (4)   a  regulating  weir  for  the 
intermediate  poolj   aid   (5)   Grass  River  Lock,      The   alignment    of  the   propos- 
ed  canal  was   approximately  as   follows:      beginning  at    a  point    in   the   river 
on  the  north  side   of  Long   Sault   Island  near  Grassy  Islandj    thence   in  a 
straight   line  across   Long  Sault  Island,   the  South   Channel  aid  the  United 
States  mainland   to   a  point   inmediately  above  Robinson  Bay   Look  where   it 
turned  about   30  degrees  to  the   left;   thence  following  the  low  lying  areas 
to  a  point  in  the    south  channel   At  the  mouth  of  Grass   River,     This   align- 
ment  involved  two  bends   and  an  extensive   system  of  dikes    located  above 
Robinson  Bay  Lock  to   retain  the   pool   of  the   Long  Sault    Dam.      Dikes  were 
also  required  to  retain  the    intermediate  pool  at   elevation   200. 

0,      Additional   Data  Secured,-     A  detailed   survey  and   subsurface 
exploration"  were  made  throughout  the   length  of  the  proposed  canal.     Spec- 
ial attention  was   given  to  the  explorations  at   the  look  sites  for  the  de- 
termination of  the  best  and  most   econcanical   locations.      The  explorations 
disclosed  the  presence   of  numerous  bodies  of  soft  marine  clay  along   the 
route  of  the  canal  and  along  proposed  sites  of  dikes.     Alternate  locations 
for  the  canal,  the   locks,   and  all  accessory  dikes  were   investigated  aad 
the   locations    finally  adopted  were  based   on  studies   of  all   available   data, 
A  detailed  description  of  the  method  used  and  results  attained  by  the 
subsurface  investigations  are  contained  in  the   Analysis   of  Design  for  the 
Long   Sault   Canal,  Appendix  111-16(3), 

d.     Discussion,  -  Minor  revisions    in  the  original  plan  are   con- 
sidered advisable   in  -^iew   of  the   additional   data  and  the   application  of 
the   criteria   for  design  presented   in  Chapter   II,  but  no  basic   changes 
are  proposed.    The    or Lginal   grades   of  the   canal  have  been  slightly  modi- 
fied, but  the   loostions   of  the  structures  are  approxiTaate-ly  the  seune, 
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Baoause  of  +he  existence  of  large  bodies  of  soft  marine  clay  of  very  low 
bearing  power  as  disclosed  by  the  subsurface  explorations,  it  will  be 
necessary  to  locate  spoil  benks  and  dikes  at  a  considerable  distance 
from  the  canal  in  order  to  prevent  slides.   The  original  plan  proposed 
several  dikes  near  the  canal.  As  a  result  of  locating  the  dikes  at  a 
distance  fron  the  canal,  both  banks  will  be  submerged;  consequently  the 
bottom  \«'idth  of  442  feet  prescribed  in  the  design  criteria  for  such  con- 
ditions has  been  adopted  in  the  proposed  plan.   The  channel  under  the 
original  plan  through  the  pool  above  the  upstream  end  of  the  canal  con- 
tained several  undesirable  bends,  particularly  at  the  entrance  to  the 
canal  and  along  the  north  side  of  Croil  Island,  Studies  of  alternate 
routes  between  Robinson  Bay  Lock  and  ^Yeavers  Point,  Mile  92,  indicate 
that  it  is  preferable  to  adopt  a  direct  route  passing  south  of  Cat  and 
Croil  Islands  to  Robinson  Bay  Lock,  and  to  relocate  the  upper  portion  of 
the  Long  Sault  Canal  and  the  guard  gate  accordirgly.   In  adopting  this 
route,  consideration  was  given  to  reduced  costs  resulting  from  use  of 
the  material  excavated  from  the  canal  for  construction  of  the  necessary 
dikes.   The  locks  are  relocated  slightly  for  the  purpose  of  obtaining 
better  foundations  at  higher  elevaiions.   The  locntion  of  the  canal  be- 
tv;eeu  the  locks  is  changed  and  straightened  accordingly.   The  supply  aid 
regulating  weirs  proposed  under  the  original  plan  are  eliminated,  as  in- 
corporation of  these  fefi-*'ir«3  in  the  locks  was  determined  to  be  more 
economical  and  satisfactory.  Because  of  the  probable  strong  cross  curr- 
ents in  the  river  below  the  entrance  to  the  Grass  River  Lock  and  their 
effect  in  forcing  vessels  off  their  course,  the  downstream  entrance  to 
Grass  River  Lock  has  been  given  more  flare  than  originally  planned, 

e.   Recommended  Plan.-  The  recommended  plan,  consisting  of  the 
revisions^discussed  in  the  preceding  paragraph,  is  as  shown  on  Plate 
M-1  and  Drawings  SC-R-l/2  and  LMC-R-1/1,  Appendix  III-O(l).   For  purposes 
of  reducing  the  cost  and  construction  period,  the  following  work  schedule 
is  proposed  for  the  construction  of  the  dikes  connected  with  the  canal, 
looks  and  guard  gate:   (l)   Eikes  Nos,  1,  3,5,  and  6  in  conjunction  with 
the  Long  Sault  Canal;  (2)  Dike  No, 2  in  conjunction  with  the  guard  gate| 
(3)  Dike  No, 4  in  conjunction  with  Robinson  Bay  Lock;  and  (4)  Dikes  Nos, 7 
and  8  in  conjunction  with  Grass  River  Lock,  For  similar  reasons,  it  is 
necessary  that  the  entire  proposed  canal  to  the  upstream  end  of  Grass 
River  Look  be  excavated  in  the  dry  and  that  Grass  River  Lock  site  with 
the  lower  approach  be  excavated  in  the  wet.   Should  the  deep  draft  navi- 
gation features  of  the  project  be  deferred,  it  is  desirable,  in  the  inter- 
est of  economy,  that  the  upstream  portion  of  the  canal  from  Richards 
Point  to  Robinson  Bay  Look  be  excavated  before  creation  of  the  pool  and 
that,  insofnr  as  possible.  Dikes  Nos,  1,  2,  3,  and  4  be  constructed  with 
material  excavated  from  this  portion  of  the  canal.   Should  this  canal  ex- 
cavation be  performed  after  creation  of  the  pool,  more  costly  work  by  a 
dipper  dredgo  will  be  required. 

f.   Present  Status  of  Plans  and  Specifications.-  Plans  and  speci. 
fioatinns  TTave  been  prepared  by  this  office.   Some  revision  of  th  e  dike 
drawings  and  quantities  may  be  required  when  the  additional  sub-surface 
explorations  have  been  completed  and  analyzed.   (See  Appendix  111-16(1) 
and  (2),)  Detailed  surveys  have  been  made.  All  subsurface  explorations 
necessary  for  the  preparation  of  contract  drawings  have  been  obtained. 
Additional  investigations  of  dike  formdations  are  required  as  described 
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in  Appendix  111-16(3),  at  an  estimated  cost   of  |50,000.      Detailed  oompu- 
tatlons  of  excavation  quantities  have  been  completed.     An  Analysis  of 
Design  has  been  prepared, 

g.      Estimated   Cost,-     A  summary  of  the  estiinate  of  cost  is  giv?- 
en  below.      This    includes  the  cost   of  the  Robinson  Creek   Drainage   Ditch 
(Feature  110,19)  but  does  not   cover  the   cost   of  the  locks,   guard  gate, 
excavation  for  the  lock,  and  the  lower  entrance   channel,     A  detailed 
estimate   of  cost   is  contained  in  Appendix  111-16(3) 

Contract  Cost, ••••,,,•,,,,,,,,•,••,,••,,, ,,17 ,063,960 
Engineering  and  Contingencies   (about  18^).,   1,271,040 

Total   Cost., •,...,.. 18,335,000 

51.      FEATURE  NO,    17  -  LONG  SAULT  GUARD  GATE  AKD  DIKE  NO.    2,- 

a.      Description  and  Purpose,*     The  Long  Sault  Guard  Gate  con- 
sists of  two  concrete  walls   110  feet  apart  with  a  sec tor- type  gate  con- 
sisting of  two  leaves.     Both  approaches  to  the  guard  gate  are  provided 
with  guide  and  wing  walls   similar  to  those  provided  at   the  locks  in  the 
oanal.      Dikes  are  provided  on  each  side  of   the  structure  to  retain  the 
pool  above  Long  Sault    Dam,      The  general   location  and  layout  of  the   canal, 
locks  and  guard  gate  are  shown  on  Plate   No,  M-I.     The  purpose  of  the 
guard  gate  is  to  prevent  the  flow  of  water  from  the  upper  pool,  in  the 
event  of  failure   of  the  Robinson  Bay  Lock  gates.   Dike  No,    3  or  4,      The 
guard   gate  would    insure  maintenance    of  the   pool  above   Long  Sault   Dam  under 
such  circumstances  and  -would  minimize  the  damages  downstream.     For  reasons 
set  forth  in  paragraph  34o(9),  P-2  priority  has  been  assigned, 

h.      Treatment  under  the   Original   238-242  Plan.   -  The  Original 
238-242  plan  included  a  similar  structure   located  at   a  corresponding 
place  in  the  canal  and   intended  to  serve  the  same  purpose,     A  miter  gate 
with  horizontal  clearance   of  80  feet  between  walls  was  proposed.     A  weir 
was  provided  adjacent  to  the  guard  gate  for  passage  of  water  for  lockage 
purposes  when  the  gate  was   closed. 

c.  Additional   Data  Secured,-     Additional   surveys  of  the  site 
of  the  guaTd  gate  and  considerable  additional  subsurface  explorations 
were  made. 

d.  Discussion,-     The  proposed  site   of  the  guard  gate  is  on  the 
side  of  a  Fidge  about  7,000  feet  west  of  the    site  of  Robinson  Bay  Look 
and  about  5,S00  feet  east  of  the  South  Sault   Channel,      It  is  about  1,500 
feet  southwest   of  the   site  contemplated  under  the  Original   238-242  Plan, 
This  change   in  location  was  made  necessary  by  the   change  in  alignment  of 
the  Long  Sault  Canal.      (See  Feature  No. 16),     The  distance  between  the 
proposed  site  and  Robinson  Bay   Lock  is   about  the   same  as   in  the  Original 
238-242  Plan,  but  the   approaches  to  the   guard  gate  under  the  proposed 
plan  are   improved  by  the  elimination  of  bends  in  the  canal  and   the   river 
channel.     The  navigation  width  through  the  guard  gate  structure  has  been 
changed  from  80  feet,  as  contemplated  in  the  Original  238-242  Plan,  to 
110  feet  to  increase  the  speed  and  safety  of  navigation.      This   change  was 
recommended  by  the   operating  staff  of  the  vrelland  Canal.     A  sector-type 
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gate  which  can  be   closed  while  water  is  flowing  through  the  structure 
has  been  adopted  in  lieu  of  the  miter  gate  contemplated  in  the  original 
plan,  to  provide  greater  assurance  against  the  possible  loss  of  pool 
water.     With  a   seotor-type  guard  gate,   it   is  feasible  and  safe   to  pass 
the  water  required  for  lockage  purposes  at  Robinson  Bay  Lock  through  the 
navigation  opening,     A  separate   "safety  weir"  such  as  provided  at  the 
"^Telland  Canal   Guard  Gate   and   contemplated  in  the  Original   238-242  Plan, 
can  thus  be   omitted  with  resulting  reduced  construction,   operation  and 
maintenance  costs, 

e,     Becccanended  Plan,-     The  gate  bay,  approach  walls,   and  the 
gate  and  emergency  dam  sills  are  designed  as  concrete  gravity  sections* 
Ledge  rock  at  the   site  as  determined  by  recent  subsurface  explorations 
is  too  deep  for  a  direct  foundation  of   the   structures  thereon.      It  is 
proposed  to  use   steel  bearing  piles  for  support  of  the  gate  bay  walls 
and  sills  to  avoid  possible  movements   of  the  blocks  which  would  inter- 
fere with  gate   operation  as   a  result   of  reversals   in  loading.      The  ap*. 
proach  walls  will  be  founded  on  the  hard,  compact  till  overburden.     The 
sector-type  gate  will  consist  of  two  leaves,  each  45,5  feet  in  height 
having  a   radius  of  approximately  67  feet  and   swung  on  a  pintle  and  hing- 
es fixed  to  the  walls.     The  gate  leaves  will  swing  into   recesses  in 
the  wall  yhen   in  oDen  position,   allowing  the   full  110-foot  width 
between  walls  for  navigation.     Because  of  the  long  span,  each  gate  leaf 
will  be   supported  by  rollers  attached  underneath  at  three  point  s  near  the 
outer  curved  face   and  running   on  a  metal   track  embedded  in  the    sill  aad 
floor  concrete.     The  gates  will  be   operated  by  strut-and-seotor  type  ma- 
chines,  similar  to  those  proposed  for  the  Robinson  Bay  Lock  miter  gates, 
and  are  designed  to  open  or  close  the  gates  in  1^  minutes  with  no  pres- 
sure or  in  about  4  minutes  with  the  maximum  possible  hydrostatic  pressure 
(45-foot  head)   on  the  leaves.     The  moving  parts   of  these  machines  are 
interchangeable  with  the  miter-gate  machines  at   Robinson  Bay  Lock,     The 
elevation  of  gate  and  emergency  dam  sills  is   such  as  to  provide  at   least 
30-foot  depth  of  water  over  the  sills  when  the  pool  is  at   the  minimum 
stage  expected  during  the  navigation  season,     A  guide  wall,  1,200  feet 
long  is  provided  in  each  approach  to  the   structure.      It  is  flared  suffi- 
ciently to  permit  mooring  a  vessel   of  maximum  length  without  infringing 
on  the  clearway  of  the  guard  gate.      These  walls  are  similar  to  the  ap- 
proach walls  provideo  for  locks.     Two  emergency  or  unwatering  dams  are 
provided,   one  at   each  end   of  the  guard  gate  structure;   each  dam  consisting 
of  a  number  of  steel  stop-logs  to  be  handled  by  a  fixed  stiff -leg  derrick 
moxmted  on  one  wall.     The  stop-logs  are  equipped  with  end  rollers  to  per- 
mit their   installation  under  flow  coiiditions   if  required.     The   stop-logs 
and  derricks  are  generally  similar  to  those  at  the  looks,  but  somewhat 
larger  because  of  the  greater   span.     Wire  rope  fenders,  similar  to  those 
for  the   locks,   are  also  provided  upstream  and  downstream  from  the  guard 
gate  to  prevent  damage  from  boats.      The   operating  machinery  and  fender 
parts  are  interchangeable  with  corresponding  parts  at  the  three  locks  of 
the  proposed  project.      The   fenders  can  be   omitted  at    the  guard  gate  if  the 
adopted  plan  of  operation  provides  for  the   guard  gate  to  be  kept  continu- 
ously open  except   during  tests  or  emergency  closures,     A  small  culvert 
equipped  with  a   sluice  gate   is  provided   in  each  wall   of  the  guard  gate 
structure  for  the  passage  cf  water  required  to  replace   leakage,  seepage, 
and  evaporation  losses  from  the  pool  between  the  guard  gate  and  Robinson 
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Bay  Lock  during  periods  when  the  guard  gate  emergency  dame  are  in  place. 
Dike  No,  2  extends  from  the  north  guard  gate  wall  to  high  ground  in  the 
ridge  connecting  with  the  south  abutment  of  Long  Sault  Dam,   A  closure 
section  of  Dike  No,  1  extends  from  the  south  guard  gate  wall  to  main 
Dike  Ko,  1,  The  latter  is  included  in  the  Long  Sault  Canal  work.  Dike 
No»  2  and  the  closure  dikes  are  required  to  complete  the  barrier  system 
for  retaining  the  main  pool  end  are  designed  in  accordance  with  the  cri- 
teria described  elsewhere  in  this  report.  They  will  be  constructed  of 
suitable  materials  from  foundation  excavations  for  the  guard  gate  and 
from  borrow  in  adjacent  till  ridges  and  spoil  dumps, 

f.  Present  Status  of  Plans  and  Specifications,  -  Plans,  Speci- 
fications and  Analysis  of  Design  for  the  Guard  Gate  and  appurtenant  dikes 
are  contained  in  Appendix  111-17(1),  (2),  and  (3),   The  plans  show  the 
principal  features  of  the  work,  but  are  incomplete  as  to  detail.  Masonry 
djrawings  show  only  the  principal  dimensions  and  layout  of  structures. 

No  details  for  reinforcing  steel  are  shown.   Overall  dimensions  and  the 
type  of  main  members  are  shown  for  the  sector  gate  and  other  important 
steel  structures,  but  details  of  secondary  members,  connections,  etc,, 
are  not  given.   Illustrations  for  gate  machirsry  and  other  mechanical 
parts  and  major  castings  are  included  and  described  where  practicable  as 
to  size,  material,  required  performance,  commercial  type  (where  applic- 
able), etc,,  but  not  detailed.  It  is  considered  that  the  drawings  and 
specifications  are  sufficiently  complete  for  the  purpose  of  advertise- 
ment for  bids.  Prior  to  advertisement,  however,  it  would  be  desirable  to 
supplement  the  present  data  by  additional  subsurface  exploration  in  the 
proposed  borrow  area  in  the  ridge  at  the  north  end  of  Dike  Ko,  2,  One 
additional  hole  should  be  drilled  in  the  clay  foundation  area  of  Dike 
No#  2  to  obtain  samples  for  shear  testing, 

g.  Estimated  Cost  and  Time  Required  to  Complete  Plans,-  Ihe 
additional~(Bxplorations  and  the  tests  mentioned  above,  are  estimated  to 
cost  about  $2,500  and  require  about  one  month.  They  vjill  not  delay  pro- 
secution of  the  work.  Supplemental  drawings  covering  mainly  the  addi- 
tional details  required  for  concrete  masonry,  reinforcing  steel,  8ti*uo- 
tural  steel  items  and  miscellaneous  metal  parts,  etc,, will  be  required 
prior  to  or  during  construction.  As  many  of  them  as  possible  should  be 
prepared  to  supplement  the  existing  drawings  prior  to  advertisement  for 
bids. 

h.   Estimated  Cost,-  A  summary  of  the  estimated  cost  is  given 
below*  A  cTe tailed  statement  is  contained  ia   Appendix  111-17(3), 

Contract  Cost, •,,•,,, ,,.,.,,$1,838,898 

Materials  and  Equipment  furnished 

by  Government ••••, 697,945 

$2,^55,843 

Engineering  and  Contingencies 

(about   18?S) , 460,157 

Total   Cost, #2,997,000 
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52,     FEATURE  NO.    18  -  ROBINSON  BAY   LOCK  AND  ATTACHED  DIKESo- 

a.  DescriptioD  and   Purpose, ■»  Robinson  Bay  Look  is  the   upper 
of  the  twonLocks   required  for  the  Long   Sault  Canal,      Plate  M-1,   and  the 
Drawings  in  Appendix  111-18(1)  show  the   location  and  general   plan.     This 
look  is  necessary,  in  conjuction  with   Grass  River  Look  (Feature  No«20), 
for  the  purpose  of  overoomirg   the  difference  in  elevation  of  approximate- 
ly 85  feet  which  will  exist  under  normal   operating  conditions  between  the 

water  surface  at  the  downstream  entrance  to  the  Long  Sault  Canal   and  in 
the   pool  above  Long  Sault  Dam,      The   lock  chamber  is   80  feet  in  width, 
and  800  feet  in  length.     The   lift  ranges  from  38  to  42  feet  under  normal 
operating  conditions  with  provisions  for  greater  lifts  lander  extreme  con- 
ditions.     Dike  No,4  on  the  north  side  connects  the  upper  end  of  the   look 
with  the  high  ridge  extending  to  the   south  abutment  of  Long  Sault  Dam« 
The  closure   section  of   Dike  No, 3  is  included  with  Ihis  lock  and   the  rest 
is   included  under  Feature  No,   16,     These  dikes  are  required  to  complete 
the  barrier  system  necessary  for  maintaining  navigation  pool  above  Rob- 
inson Bay  Lock,    and  incidentally  provide  a  suitable   location  for  the   per- 
manent access   railroad  and  highway  to  Long   Sault    Dam   and   the  Barnhart 
Island   Powerhouse,     A  bobtail,   through  truss,  swing  bridge  for   combined 
railroad  and   highway   traffic  will   span  the   upper  end   of  the   lock.      This 
bridge  is   a  duplicate   of  the   proposed  bridges  across  Grass  River  Lock  and 
Point   Rockway  Lock,      For  reasons  set  forth  in  paragraph   34b(7),   this  work 
has  been  assigned  P-1  priority,  "" 

b.  Treatment  under  the   Original   238-242  Plan,-  A  lock  of  this 
general  ty~e  and  size   in  the  same  general   location  was   included   in  the 
Original   238-242  Plan.     Adjoining  it  was  a  weir  with  gates  to  supply 
water  to  the  intermediate  pool  betiveen  the  two  locks, 

c.  Additional  Data   Seoured,^  Considerable  additional   subsur- 
face exploretions  and  surveys  pertaining  to  this  fea-t-ure  were  made. 
Similar  work  in  connection  with  the   Long  Sault   Canal    (Feature  No,   16), 
Grass  River  Lock  (Feature  No, 20),  and  Lcng  Sault  Canal   Guard  Gate  (Fea- 
ture  No,    17),  have  an.    indirect  bearing  on  this  work  because  of  the   inter- 
relationship between  these   structures.      Details  are   contained  in  the 
Analyses  of  Design  for  the   corresponding  features, 

do      Discussion,-   The  proposed   site  is  at  a  point  in  the   ridge 
just  north^of  Regains  on  Creek,  about   5,000  feet   southwest  of  Robinson  Bey, 
It  is  about   750  feet  north  of  the  site   in  the  Original    238-242  Plan,      The 
change  in   location  was  made  as  the    result  of  modifications   in  the   loca- 
tion ejid  alignment   of  the  Long   Sault  Canal   (see  Feature   No,   16)  and  the 
additional   subsurface  explorations  by  this    office  which  indicated   ledge 
rock  at   somewhat   higher  and  more  favorable   elevfltions   at  the  new  site. 
The   lift  and   general   dimensions    of  the   lock  are  the   same   as  contemplated 
in  the   original  plan,  but  it   is   not   known  whether  a   drawbridge  was   oon- 
templeted,      A  lower  pool   supply  system  is   incorporated  in  the   lock  struc- 
ture  instead   of  the    separate   supply  weir  structure  contemplated  in  the 
original  plaa .      Detailed   studies   indicated  that    this  modification  will 
be   feasible   end  desirable  and  v.'ill  effect  a    savirg    in  cost. 
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e.  Recommended  Plan.-  The  reoommended  plan,  consisting  of  the 
revisions  To  the  original  plan  discussed  in  the  preceding  paragraph,  is 
shown  on  Plate  M-1  and  the  Drawings  in  ^pendix  111-18(1),  All  lock 
and  approach  -walls  were  designed  as  concrete  gravity  sections.  The  lock 
ohamber  walls  are  founded  on  ledge  rock.  The  approach  walls  are  founded 
partly  on -the  hard  compact  till  and  partly  on  steel  bearing  piles.  The 
sills  for  the  look  gates  and  the  emergency  dams  are  foxmded  on  rock  and 
are  designed  as  concrete  arches,  thrusting  against  the  lock  chamber  walls. 
The  arch  designs  were  used  for  economy,  because  of  the  considerable 
height  of  the  sills  above  ledge  rock.  Lock  gates  are  of  the  miter  type, 
horizontally-framed  and  plated  on  both  sides.   Two  gates  are  provided 
at  each  end  of  the  lock  chamber  to  assure  safety  and  continuity  of  ser- 
vice. Combined  emergency  and  lock  unwatering  dams  are  provided  at  e«oh 
end  of  the  lock  ohamber,  outside  the  miter  gates.   These  dams  comprise 
steel  stop-log  units  spanning  the  lock  walls  and  equipped  with  end  rol- 
lers, fixed  stiff-leg  derricks  on  the  lock  walls  provide  means  for  mov- 
ing the  stop-logs.  Wire  rope  fenders  of  the  type  used  at  the  Welland  Ca- 
nal locks  are  proposed  for  protection  of  the  miter  gates  against  impact 
of  ships.  Side  wall  culverts  are  provided  for  filling  and  emptying  the 
locks.  They  will  have  segmental  type  valves  and  the  ports  will  be  dis- 
tributed along  the  entire  length  of  the  look  chamber,  A  guide  wall  1,200 
feet  long  is  provided  in  each  approach  to  the  look.  The  walls  are  flared 
sufficiently  to  permit  mooring  a  vessel  of  maximum  length  tvithout  infring- 
ing on  the  clearway  of  the  lock,   A  swing  bridge  is  provided  across  the 
upper  end  of  the  lock  for  the  permanent  railroad  and  highway  leading  to 
Long  Sault  Dam  and  the  area  north  of  Long  Sault  Canal,  The  lower  pool 
supply  system  was  designed  to  discharge  enough  water  into  the  pool  so 
that  with  the  maximum  probable  difference  in  lock  lifts  and  the  most  ad- 
verse succession  of  up  and  downbound  vessels,  the  drawdown  in  the  pool 
will  be  negligible  (estimated  at  about  0,2  of  a  foot).  This  system  is 
equipped  with  a  valve  to  provide  control  of  the  flow  as  required  for  pool 
level  maintenance  without  waste  of  water.  Dike  Eo,  4  and  the  closure  sec- 
tion of  Dike  No,  3  are  required  to  complete  the  dike  barrier  system  be- 
tween Long  Sault  Guard  Gate  and  Robinson  Bay  Lock,  and  aro  designed  in  ac- 
cordance with  the  criteria  established  for  other  dikes  in  the  Long  Sault 
Canal  system  (see  paragraph  22),  These  dikes  afford  a  convenient  and 
eoonomioal  location  for  the  proposed  railroad  and  highway, 

f .  Present  Status  of  Plans  and  Specifications,  -  Plans ,  Speci- 
fications ~nd  Analysis  of  Design  for  Robinson  Bay  Lock,  with  appurtenant 
structures  are  contained  in  Appendix  No,  111-18(1),  (2),  and  (3),  The 
plans  for  the  lock  are  not  complete  as  to  detail,  Masooiry  dimensions  are 
generally  complete.  No  details  for  reinforcing  steel  are  shown.  Overall 
dimensions  and  the  type  of  principal  members  are  shown  for  miter  gates 
and  other  important  steel  structures,  but  details  of  secondary  members, 
connections,  •tc.,  are  not  given.  Illustration  for  gate  machinery,  valve 
machinery,  and  other  mechanical  parts  are  included  and  described,  where 
possible,  as  to  size,  material,  performance,  commercial  type,  etc.,  but 
are  not  detailed.  Because  of  the  interohangeability  of  like  machinery 
parts  for  the  three  deep-draft  locks  and  the  guard  gate  structure  included 
in  the  project,  it  is  proposed  to  purchase  the  following  machinery  in  addi- 
tion to  that  required  for  Robinson  Bay  Lock,  under  the  Robinson  Bay  Look 
contract,  gate  machines  for  Grass  River  Lock  and  Long  Sault  Guard  Gatei 
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segmental  valve  machines  for  Grass  River  Lock;  and  wire  rope  fender 
machines  for  Grass  River  Look,  Point  Rookway  Look  and  Long  Sault  Guard 
Gate,  This  procedure  will  result  in  minimiting  the  number  of  spare 
parts  required  and  increasing  the  efficiency  of  maintenance  and  opera- 
tion.  It  is  considered  that  the  drawings  and  specifications  are  suffi- 
ciently complete  for  the  purpose  of  advertisement  for  bids.   The  plems, 
specifications  and  analysis  of  design  for  the  drawbridge  are  included 
with  those  for  the  lock.   The  bridge  plans  give  limiting  dimensions  only, 
and  it  is  contemplated  that  a  completed  design  for  the  bridge  and  bridge 
operating  machinery  will  be  made  by  the  contractor.   The  bridge  is  sup- 
ported by  the  lock  walls,  which  were  designed  to  carry  the  added  load, 
and  thus  no  additional  work  is  required  for  the  substructure  of  this 
bridge, 

g.   Estimated  Cost  and  Time  Required  to  Complete  Plans.-  Prior 
to  cOTTjnenceinent  of  construction,  it  would  be  desirable  to  supplement 
the  present  data  by  additional  drilling  to  determine  more  fully  the  ele- 
vation of  the  rock  surface  throughout  the  length  of  the  lock  chamber 
walls  and  for  some  distance  upstream  and  to  explore  the  underlying  strata 
at  several  points  within  the  site  area.   This  investigation  might  reveal 
that  some  economies  could  be  realized  by  relocating  the  site  upstream  or 
downstream  along  the  axis  of  the  canal  and  would  give  additional  assurance 
against  the  possibility  of  encountering  foiaadation  conditions  materially 
different  from  thet  indicated  by  the  present  data.   It  is  estimated  that 
the  additional  drilling  could  be  done  in  one  to  tv,o  months  at  a  cost  of 
about  $4,000.   If  undertaken  prior  to  or  during  the  period  of  advertise- 
ment, it  need  not  delay  the  construction  schedule.   A  hydraulic  model 
study  to  check  the  theoretical  performance  of  the  lock  filling  and  empty- 
ing system  and  to  determine  the  best  size,  shape,  number  and  spacing  of 
ports  would  be  desirable.   This  study  could  be  made  at  an  established 
laboratory  in  two  to  three  months,  at  a  probable  cost  of  about  $6,000, 
half  of  which  would  be  properly  chargORble  to  Robinson  Bay  Look  and  half 
to  Grass  River  Lock.   This  study  coild  be  made  after  award  of  contract 
and  durir.g  the  early  construction  stages,  without  delaying  construction 
schedules.   Supplemental  drawirgs  covering  details  not  shown  on  the 
drawings  ir.  Appendix  111-18(1)  should  be  furnished  the  contractor  during 
construction.   Such  drawirgs  should  include  the  details  of  reinforcing 
steel,  structural  steel  items,  miscellaneous  metal  parts,  and  machinery 
and  castings.   As  meny  of  them  as  possible  should  be  prepared  prior  to 
advertisement  for  bids, 

h.   Estimated  Cost.-   A  svimmary  of  the  estimator'  cost  is  shown 
belo»y,  A""det ailed  estimate  is  contained  in  appendix  111-18(3), 

Contract  Cost |  7,886,697 

Materials  and  Equipment  furnished  by 

Government 2 ,603 ,275 

^H0,489,972 

Engineering  and   Contingencies   (about   18^)  1,904,028 

Total    Cost |1J:,394,000 

53,      FEATURE  KO.    19   -  ROBIFSOF  CREEK  DRAINAGE   DITCH,-     _a,      Dsscrip- 
tion  and   Purpose.-     This  work  comprises  a   ditch  to   carry  the  natural 
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ronoff  from  a   small   area  south  of  the  Long  Sault   Canal   in  the  vicinity 
of  the   proposed  guard  gate,  which  runoff  -will  be   obstructed  by   Dikes 
Nos,   1  and   3.      The  ditch  -will   divert  the  runoff  into  Robinson  Creek  to 
the  south.      It  should  be    completed  at  the    same    time  as  the  aforementioijod 
dikes.     For  reasons  set   forth  in  paragraph 34b( 6) ,  P-1  priority  has  been 
assigned, 

b.  Discussion,-     No  surveys   have  been  made   relating   to  this 
item  as   it  ""is   of  relatively  minor  importance,     A  survey  will  be  required 
to  establish  the  most  economical  location  and  grade  and   contract  drawings 
will   then  be   prepared.     One  month  will  be  sufficient  to  complete  the  en- 
gineering  at  an  estimated  cost   of  $1,000.      It  is    considered  advisable 

to  delay  this  v.'ork  until   final  plans   for  dikes,    spoil  areas,    etc.,   in 
this  vicinity  are   completed.     It  is  proposed  to  include  this  and  other 
drainage   ditchers  which  may  be  required  because   of  the   constructim    of 
Long  Sault    Canal    in   the   contract  for  that    oanal, 

c.  Estimated  Cost,-  The  engineering  ,  report  of  January  1941 
contained  an  item  of  $6,630  plus   2.5%  as   the  estimated  cost.      No  further 
studies   or  estimates  have  been  made.      The   cost   is   included  in  that  of 
the   Long  Sault  Canal  (feature  No,   16), 

54,      FEATURE  NO.    20   -  GRASS  RIVER  LOCK  AND  ATTACHED  DIKES.-  a.    De- 
scription and   Purpose.-     Grass  River   Lock  is   the   lower  of  the   two  Tocks 
required  for  the  Long   Sault   Canal,      Plate   M-1  and  the    drawings   in  Appen- 
dix III-20(1)   show  the   location  and   general   plan.     It  is  necessary  for 
the  same   purpose  as  the  Robinson  Bay  Lock,   and  its   dimensions   are  the 
same,      (See  paragraph  52a.)      The   lift  ranges   from  43   to  46   feet  under 
normal  operating  conditions  with  provision  for  greater   lifts  imder  ex- 
treme  conditions.      Dike  No.    8   connects   the   upper  end   of  the   lock  with 
high  ground   on  the  north  side  of  the  canal,   and   Dike  No.   7  connects   it 
with  high  ground  on  the  south  side.     These   dikes  are  necessary  for   the 
maintenance   of  the   intermediate   pool   in  order  to  provide  navigable   depths 
in  the   canal  between  Grass   River   and  Robinson  Bay  Locks,      Incidentally, 
they  will  afford  a   convenient  and  economical  location  for  the   relocated 
Ottawa  ^ranch  of  the   New  York  Central   Railroad  and   the   highv/ay  from  Roose- 
veltown  to  Corawall,  Ontario  (see  Feature  No,    35),     A  bobtail,  through 
truss,  swing   bridge   for  combined  railroad  and  highway  traffic  will  span 
the  upper  end  of  the   lock.      Excavation  of  the  approach    channels   is  also 
included  with  the  lock.     The  upper   approach  will  connect  with  Long   Sault 
Canal    (Feature  No,    16)   and   the   lower  approach  with   the   access  channel 
from  the  St.    Lawrence  River,    thus   affording  a  through  channel   for  deep 
'draft  navigation.      For  reasons   set   forth  in  paragraph  34b(8),  P-1   priority 
has  been  assigned, 

b.  Treatment  under  the  Original   238-242  Plan,-     A  look  of  sim- 
ilar  size  and  type   located   in  low  ground  about    2,000  feet  west    of  the 
mouth  of  Grass   River,  was   proposed   in  the  Original   238-242  Plan,      The   re- 
located Ottawa  Branch  of  the  New  York  Central  Railroad  was  shown  as  cross- 
ing the  downstream  end   of  the   lock, 

c.  Additional   Data   Secured,-     Considerable  additional   subsurface 
explorations  and  surveys   pertaining  to  this  feature  were  made.      Similar 
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work  in  connection -with  the  Long  Sault  Canal  (Feature  No.  16),  the  Rob- 
insor  Bay  Lock  (Feature  No»  18),  and  the  Long  Sault  Canal  Guard  Gate 
(Feature  No,  17)  have  an  indirect  bearing  on  this  work  because  of  their 
inter-relationship.   Details  are  contained  in  the  Analyses  of  Design  for 
the  corresponding  features, 

d.  Discussion,-  The  location  proposed  for  the  lock  is  about 
1,000  feet'west  and  300  to  400  feet  south  of  the  site  indicated  in  the 
Original  238-242  Plan,   The  changes  in  location  were  made  as  a  result  of 
studies  of  the  additional  data.   The  westerly  relocation  was  made  pri- 
marily to  provide  for  the  flat  side  slopes  of  excavations  necessary  for 
stability  of  the  natural  earth  barrier  (consisting  of  soft,  wet,  marine^ 
clay  of  low  shear  strength)  which  would  be  left  in  place  between  Grass 
River  and  the  deep  excavation  required  for  the  lock  wall  foundations. 
The  southerly  relocation  was  made  to  place  the  lock  foundations  on  the 
highest  ledge  rock  revealed  by  the  subsurface  explorations.   The  proposed 
lift  and  general  dimensions  of  the  lock  are  the  same  as  in  the  Original 
238-242  Plan,   A  pool  regulation  system  for  discharging  excess  water  from 
the  navigation  pool  above  the  lock  is  incorporated  in  the  lock  structure, 
instead  of  a  separate  weir  in  the  dike  near  Robinson  Bay  as  contemplated 
in  the  original  plan.   Detailed  studies  indicated  that  this  modification 
will  be  feasible  and  less  costly, 

e,  Recoinmended  Plan,-  The  recommended  plan,  consisting  of  the 
revisions  To   the  original  plan  discussed  in  the  preceding  paragraph,  is 
as  shown  on  Plate  M-1  and  the  Drawings  in  Appendix  111-20(1),   The  lock 
chamber  walls  are  designed  as  concrete  gravity  sections  founded  on  ledge 
rock.   The  upper  approach  walls  are  also  designed  as  concrete  gravity 
sections,  a  portion  of  which  are  founded  on  hard,  compact  till  and  the 
remainder  on  steel  bearing  piles,  The   lower  approach  walls  are  of  a 
type  adaptable  to  construction  in  the  wet  because  their  location  with 
respect  to  the  river  and  the  overburden  conditions  «re  such  that  con- 
struction in  the  dry  will  be  economically  inpraoticable;  these  walls  con- 
sist of  a  series  of  steel  sheet  pile  cells  filled  with  granular  material 
and  support  a  continuous  concrete  wall  spanning  the  cells.   The  lock 
gate  and  emergency  dam  sills  ara  foimded  on  rock,  and  were  designed  as 
concrete  arches,  thrusting  against  the  lock  chamber  walls.   Arch  design 
for  the  upper  sills  was  selected  for  reasons  of  economy,  due  to  the  con- 
siderable height  of  the  sills  above  ledge  rook}  gravity  sections  could 
have  been  used  for  the  lower  sills,  which  have  relatively  low  heights, 
but  the  arch  shape  was  retained  to  duplicate  the  form  panels  required 
for  the  upper  sills.    Lock  gates  and  protecting  fenders,  the  emergency 
or  look-uEwatering  dams,  filling  and  emptying  features,- and  the  approtch 
guide  walls  are  similar  to  those  of  the  Robinson  Bay  Lock  (see  paragraph 
52e),   A  bobtail,  through  truss,  swing  bridge  is  provided  across  the  up- 
peF  end  of  the  lock  for  the  relocated  railroad  and  highway  connections 

to  Cane  da  (see  Feature  No, 35),  It  was  designed  for  Coopers  E-60  railroad 
loading  and  E-20  highway  loading,  both  with  impact.  The  miter  gates, 
emergency  dams,  filling  and  emptying  valves,  wire  rope  fenders,  swing 
bridge  and  other  operating  equipment,  and  all  fixed  metal  parts  aid 
other  details,  where  practicable,  are  duplicates  of  the  corresponding 
items  for  Robinson  Bay  Lock,  The  pool  regulation  system  was  designed 
to  discharge  the  estimated  meximum  probable  flood  runoff  from  the  drain- 
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age  area  tributary  to  the  Intermediate  pool  between  Grass  River  and 
Robinson  Bay  Locks  "with  less  than  one  foot  rise  in  the  normal  pool 
level.   Dike  No,  7  on  the  south  and  No,  8  on  the  north  side  of  the 
lock  are  required  to  complete  the  barrier  system  for  maintenance  of 
the  navigation  pool  between  the  looks.   They  were  designed  in.aooord- 
ance  with  the  criteria  established  for  other  dikes  in  the  Long  Sault 
Canal  System  (see  paragraph  22),  The  lw.'er  approach  channel  is  flared 
outward  between  the  ends  of  the  approach  walls  and  the  river  to  facili- 
tate navigation  of  vessels  in  the  cross  currents  which  may  exist  near 
the  mouth  of  Grass  River, 

f.  Present  Status  of  Plans  and  Specifications, «  Plans,  Speci- 
fication8""and  Analysis  of  Design  for  Grass  River  Look,  with  appurten- 
aat  works,  are  contained  in  Appendix  111-20(1),  (2),  end  (3).   Ihe 
status  of  the  plans  are  the  same  as  for  Robinson  Bay  Lock  (see  para» 
graph  52f),   It  is  considered  that  the  drawings  and  specif ioations 

are  suffTciently  canple+e  for  the  purpose  of  taking  bids  on  the  work# 
The  analysis  of  design  is  in  the  form  of  a  supplement  to  the  Analysis 
for  Robinson  Bay  Look,  which  describes  in  detail  the  basis  of  design 
for  mopt  of  the  principal  features  which  are  common  to  both  looks; 
the  Analysis  for  Grass  River  Look  is  limited  to  applicable  items, 
which  are  materially  different  from  those  of  Robinson  Bay  Lock, 

g.  Estimated  Cost  and  Time  Required  to  Complete  plans,- 
Prior  to  c"ommencement  of  construction,  it  would  te  desirable  to  supple- 
ment  the  present  data  by  additional  subsurface  exploration  and  soils 
tests,   Probings  and  drill  holes  are  needed  along  the  alignment  of  the 
dikes  to  determine  the  profiles  and  character  of  the  clay  and  till 
strata  for  use  in  checking  the  stability  of  the  proposed  dikes.   A  few 
additional  holes  are  needed  in  the  lock  area  for  the  purpose  of  obtain- 
ing undisturbed  samples  of  olay  for  shear  testing,  to  determine  whether 
steeper  excavation  side  slopes  would  be  feasible,   A  minimum  of  two  of 
these  holes  should  be  drilled  100  feet  or  more  into  the  rock  to  deter- 
mire  whether  cavities,  gypsuin  beds,  fault  zones  or  other  undesirable 
conditions  exist  in  the  deep  strata.   Explorations  by  a  number  of  test 
pits  and  a  few  drill  holes  should  be  made  in  the  prospective  borrow 
areas  for  dike  and  embankment  materials.   At  least  two  hydrostatic 
gages  should  be  installed  in  the  look  area  to  determine  whether  excess 
pore  water  pressure  exists  in  the  underlying:  marine  clay,  A  hydraulic 
model  study  should  be  made  to  determine  tt^e   location  and  extent  of 
dredging,  rook  fill  dikes,  and  other  works  necessary  to  improve  current 
conditions  at  the  mouth  of  Grass  River  and  the  entrance  to  the  lower 
approach  to  the  lock.   It  is  contemplated  to  inclvde  this  study  with 

a  general  hydra xilic  model  study  of  the  entire  river,  from  a  point  below 
Long  Sault  Dam  to  the  head  of  Lake  St.  Flpancis,  for  the  purpose  of  in- 
vestigation of  stages,  velocities,  and  distribution  of  discharge  pro- 
duced by  contemplated  excavation  in  the  north  and  south  channels  of  the 
river  and  below  the  powerhouse.   The  minlmvon  amount  of  the  required 
additional  subsurface  exploration  and  soils  testing  Is  estimated  to  cost 
abouo  |9,500  and  could  be  performed  in  about  three  months.   If  under- 
taken prior  to  advertisement  for  bids,  the  Investigations  need  not 
delay  the  construction  schedule.   The  liydraullo  model  study  reootnnended 
for  Robinson  Bay  Look  to  check  the  filling  and  emptying  characteristics 
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•would  be  applicable  also  to   Grass  River  Lock  (see  paragraph  52^),     Half 
of  the  estimated  $6,000  of  that   study  should  properly  be  chargeable   to 
Grass   River  Lock.      This   study  could  be  made   in  two  to  three  moi  ths 
during   the  early  stages   of  construction,  T»ithout  causing   delay  in   ihe 
work   schedule.      The    cost   of  the    general  model   study  is   estimated  at 
$17,000,   only  a  small   percentage   of  which  would  be  properly  chargeable 
to  Grass   River  Lock  approach.      The  complete   study  might   require   seven 
or  eight  months,  but   the   lock  construction  can  proceed  since   it  will 
not  depend   on  the  results   of  the  tests. 

h.     Estimated  Cost.*     A  summary  of  the  estimated  cost  is   giv- 
en below,  "~A  detailed  estimate   is   confcained   in  Appendix  111-20(3), 

Cont ract  Cost $6,956,923 

Materials   and  Equipment    furnished 

by  Govemmen t 2, 055 , 226 

Engineering  and   Contingencies 

(about   18^) 1,637,852 

Tota  1   Cost $10,650,000 

55.      FEATURE  HO.   21  -   SEAWAY  VILLAGE,    INCLUDING  ACCESS  ROUTES  ON  TEE 
UNITED  STATES    SIDE.- 

SEMAY  VILLAGE 

a.      Description  and  Purpose.-     This  work  involves  the  con- 
struction of  seaway  Village   including   an  access   highway  and   railroad  to 
the   village,  Robinson  Bay  Lock  and  Long   Sault   Dam.      The  necessity  for 
Seaway  Village   is   set  forth  in  Chapter  II  and  as  explained,  its  construc- 
tion will  be   of  temporary  or   semi -permanent   type  for   quartering  Govern- 
ment employees  for  five   or   six  years.      The   site   selected  is   on   the 
Massena-Massena    Center  highway  about   three  miles   east   of  the  village   of 
Massera.      This  road,  widened  and   improved,  will   constitute  the  main 
street   of  the  village.      The   center   line  of   this   improved  highway  is 
marked  by  three  bolts    driven  in  the   ground  at   points  having   the  f ollow- 
i ng  coordinates   on  the   Transverse  Meroator  system: 

N  -   1,805,453.57        N  -   1,806,397.09       N  -   1,805,635.25 
E  -        364,866.89        E  -        367,202.56        E  -        370,267.93 

Approximately  three  hundred  acres   are   included  in  the   site,   of   .vhich  two 
hundred  will  be   improved   initially  and  the    remainder  as  needed.      The 
village   includes  an  administration  building  and   laboratory  for  the   Bngi- 
eer  Districtj    a  guest   house;    residences,  dormitories,   etc,   for  housing 
the  Government  employees;    a  business   section;   recreational   facilities; 
paved  streets  with  sidewalks;   and  all  necessary  utilities  and  auxiliary 
facilities  to   constitute   a  self-contained  village.      The   initial  develop- 
ment will   contain  570  residences,    30  of  which  will  be   of  the   two-fajuily 
type,  thus   providing  for  a  total   of  600   families.      The  facilities  will 
be   expanded,   if  necessary,  to  900  dwellings  with  additional    dormitories, 
stores,  and  garages.      Should  extensive  hired  labor  operations  be  under- 
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taksn,  provision  has  been  made  for  a  large  number  of  second-olass  dormi* 
tories  located  immediately  west  of  the  village  and  served  by  its  utili- 
ties.  It  is  proposed  to  provide  the  following  utilities  and  servioesi 
a  spur  track  from  the  proposed  yards  of  the  Massena  Terminal  Railroad, 
eleotrio  power  and  light  including  street  lighting,  a  central  heating 
plant,  a  potable  water  supply,  telephone  service,  a  fire  protection  sys- 
tem, sanitary  and  storm  water  sewerage  systems  and  disposal  plant,  park- 
ing areas,  garbage  and  waste  collection,  snow  removal  and  street  clean- 
ing service,  and  general  repair  shops  for  Government-owned  utilities, 
buildings  and  equipment.   The  construction  and  installation  of  utilities, 
with  the  exception  of  the  eleotrio  power  and  light  system,  will  be  accom- 
plished under  a  general  contract.  Because  a  considerable  quantity  of 
the  parts  and  materials  required  for  the  power  and  light  system  was 
available  at  Fort  Peck,  Montana,  it  was  proposed  to  install  the  system 
by  hired  labor.   The  postponement  of  consti*uction  of  the  project  will 
probably  change  this  situation  and  make  it  desirable  to  include  this 
work  also  ir  the  general  contract.   Plans,  specif icaticcs  and  analysis  of 
design  are  contained  in  Appendix  III-2l(l),  (2),  and  (3).   Details  per- 
taining to  the  operation  of  the  various  utilities  and  services  are  in 
Appendix  111-21(3),  For  reasons  set  forth  in  psuragraph  34a,  P-0  priority 
has  been  assigned, 

b.  Treatment  under  the  Original  238-242  T'lan,»  No  spec  if  io 
method  was''proposed  in  the  Original  238-242  Flan  for  hous  ing  Government 
employees.  It  was  intended  that  the  unit  prices  and  allowances  for  con- 
tingencies used  in  developing  the  original  cost  estimates  would  cover  the 
cost  of  all  such  items. 

o.   Discussion.-  An  alternative  to  the  construction  of  Seaway 
Village  is  the  use  of  existing  housing  and  office  facilities  which  might 
be  found  available  in  Ogdensburg,  New  York,  located  approximately  40  miles 
west  of  Massena.   Existing  vacant  mill  property  might  be  converted  into 
office  space.  However,  there  is  no  assurance  -that  sufficient  suitable 
living  quarters  could  be  found.   In  view  of  the  distance  from  the  princi- 
pal work  area  and  the  severe  winter  climate,  this  plan  is  not  considered 
desirable.   The  location  is  40  to  50  miles  from  the  principal  work  area. 
The  winters  are  so  severe  that  travel  is  often  hazardous  and  at  times 
impossible, 

d.  Present  Status  of  Plana,-  Contract  plans  and  specifications 
are  compleTed  except  for  the  detailed  structural  drawings  of  the  hospital 
which  is  approxima+e  ly  50  per  cent  completed.  The  layout  plans  show  the 
location  of  an  incinerator,  but  no  designs  have  been  prepared,  A  base 
line  for  a  survey  of  Seaway  Village  has  been  monunented,  profiles  of 
streets  have  been  run;  the  bearing  and  distance  to  every  street  intersec- 
tion have  been  computed  and  are  shown  on  the  drawings.  Soil  conditions 
have  been  investigated  and  bearing  values  established  for  all  building 
foundations;  lot  lines  and  the  t:/pe  of  house  to  be  built  on  each  lot  have 
been  determined.  The  location  of  all  utilities  is  shown.   The  grades  of 
the  sewers  and  of  the  heating  and  water  systems  have  been  determined.  All 
the  foregoing  and  additional  information  are  contained  in  the  contract 
drawings,  specifications  and  analysis  of  design  in  Appendices  III-21(l), 
(2),  and  (3),  Prior  to  cccs  truction,  the  layout  as  indicated  on  drawings 
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must  be  staked  in  the  field,  and  additional  profiles  and  sections  taken, 
to  determine  quantities. 

e.  Estimated  Cost  and  Tine  Required  to  Complete  Plans  for 
Seaway  VilTa-e,-  It  is  estimated  that  ^07  man  days  will  be  required  to 
c omple te  the  c ont ra ct  drawings,  and  the  cost,  including  overhead,  is 
estimated  at  ^3,000.   If  time  does  not  permit  the  completion  of  these 
drawings  prior  to  the  aware  of  a  contract,  it  is  considered  that  the  pre- 
sent state  of  coFpletion  is  adequate  to  permit  ai  award  to  be  made  with 
provision  for  some  modification  when  plans  are  completed. 

RAlLROi^D  TO  SEMAY  VILL/.GE,  R0BIK30K  BAY  LOCK,  MID   LONG  SAULT 
DAM  FROM  THE  UMITED  STATES  SIDE 

f.  Alternate  Plans.-  Various  plans  for  railroads  to  serve  the 
downstreanTidivision  ^below  Morrisburg)  of  the  construction  work  were 
considered.   Originally,  a  Government  terminal  yard  was  proposed  east  of 
Denison  Road  and  south  of  Robinson  Creek,  shown  as  Seaway  Terminal  on 
Drawing  No.  MRR-R-l/l  and  2,  Appendix  111-21(1).   This  terminal  yard 
was  considered  necessary  because  of  the  inadequate  facilities  owned  by 
the  Massena  Terminal  Railroad,   The  Railroad  has  since  indicated  willing- 
ness to  construct  a  yard  at  Massena  Springs,  extend  the  tracks  across 
the  power  canal  and  to  construct  a  secondary  yard  immediately  north  of 
the  Alxaninvan  Plant,  as  indicated  on  Drawing  MBRR-1-l/l.   In  this  event, 

a  Government  yard  will  not  be  required.   Flans  for  such  construction 
have  therefore  been  suspended  for  the  present,  but  the  results  of  the 
studies  are  given  below  in  order  to  preserve  them  for  future  reference, 
should  the  need  arise,  VarioTB  methods  of  approach  to  the  terminal  yard 
were  considered,  the  most  feasible  being  the  following: 

(1)  Connection  with  Massena  Terminal  Railroad,-  A  spur 
line  about  12,000  feet  in  length  estimated  to  cost  $193,000  starts  at 
the  Massena  Terminal  Railroad  emd  extends  along  the  westerly  bank  of 
the  poB'<'er  canal,  crossing  the  canal  on  a  temporary  bridge  and  thence  ex- 
tending easterly  to  the  terminal  yard.   This  spur  is  indicated  as  Line  A 
on  Drawing  ^io,  MRR-R-l/l,  Appendix  111-21(1).   The  line  could  be  readily 
constructed  and  spurs  to  the  new  aluminum  plants  and  to  Seaway  Village 
would  be  practical.  However,  because  of  grades  and  alignment  and  the 
weakened  conditions  of  the  bridges  on  the  existing  Massena  Terminal  Rail- 
road, it  is  doubtful  whether  a  large  volume  of  heavy  traffic  could  be 
handled  over  this  route.   Two  alternate  routes  are  shown  on  the  drawing. 
Lines  C  end  B,   Line  C  is  about  16,900  feet  long  and  is  estimated  to 
cost  "330,000,   A  bridge  across  Gress  River  will  be  required.   Line  B 
was  considered,  but  found  more  costly  than  other  routes, 

(2)  Connection  with  Kew  York  Central  Railroad,-  \   spur 
line  frorr  the  New  York  Central  Railroad  tracks  at  Massena  Springs  was 
also  considered.   It  is  more  costly  as  it  is  longer  and  involves  bridges 
over  both  the  Raquette  and  Grass  Rivers,   Its  cost  is  estimated  at 
.^800,000,  assuming  that  the  bridges  are  used  entirely  for  railroad  pur- 
poses. If  satisfactory  arrangements  cannot  be  made  with  the  Massena 
Terminal  Railroad,  consideration  should  be  given  to  this  plan.   It  has 
the  advantage  of  effecting  a  saving  in  freight  charges  as  it  would  elimi- 
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nate  the  Massena   Terminal  Railroad,  and  permit  the  New  York  Central    ard 
Grand  Trunk  to  deliver  freight  directly  to  the   te'rminal  yard.      The  Mas- 
sena  Terminal   Railroad  now  charges   the   other  railroads   ^5.50  per  oar  for 
hauling  from  Massena  Springs  to  Massena.     Temporary  and  permanent  tracks 
are  proposed  from  the  terminal  yard  to  Long  Sault  Dam,        The  temporary 
tracks  will   cross  Long   Sault    Canal   on  a  plug  left   in  the    canal  west    of 
Robinson  Bay  Lock.      The  permanent  tracks  will  cross  the  west  end  of  the 
lock  on  a  combined  highway  and   railroad  awing  bridge  and  cross  the   ravine 
northwest  of  the  look  on  Dike  No.  4. 

(3)      Connection  with  the  Ottawa  Branch  of  the  New  York  Cen- 
tral   Railroad.-     Connection  with  the  principal  work  areas  from  the  Ottawa 
Branch  of  the   New  York  Central   Railroad   is   also  possible.     The  proposed 
project  provides  for  the  relocation  of  this  railroad  as   discussed  under 
Feature  No.    35,     After  relocation  of  the  line  across  Grass  River  Look,  a 
spur  could  be  provided  to  Hawkins   Point,  from  which  point  the   powerhouse 
site  could  be   served  by  a  feriy  or  overhead  tramway,  and  thence  extended 
to   Robinson  Bay  Lock  and  Long  Sault    Dam.      The   cost   of  a  permanent   line 
from  a  point  north  of  Grass  River  Lock  to  Long  Sault   Eam  by  way  of  Haw- 
kins Point,  Robinson  Bay  Lock  site,   and   Dike  No,  4  is  estimated  at 
$233,000.      The  estimated  cost   to  provide  temporary  service  before  Dike 
No.  <:  is  confetruoted  is   ^287,000,   or  a  total   of  $520,000  for  both  pema- 
nent  and    temporary  service.     The  temporary  route  will   require  a  plug  in 
the   Long   Sault  Canal,  east   of  Robinson  Creek.     The   cost  of  a  permanent 
line   from  a  point   south  of   Grass   River  Lock  through  the  area  north  of  the 
North  Grass  Hiver  Road  and  by  way  of  Robinson  Bey    Lock  and    Dike  No.  4 
to  Long  Sault    Dam  is  estimated  at  |773,000.     To  provide  temporary  ser- 
vice before   the   look  and  dike  are  completed  would   cost   an  additional 
|182,000,   or  an  estimated  total  of  )|955,000,  for  both  permanent  and  tem- 
porary service,     A.  s\jiranary  of  the  estimated  cost  for  the  alternate  meth- 
ods  of  providing  temporary  and  permanent  rail  connection  to   Seaway  Village, 
Robinson  Bay  Lock,  and  Long  Sault  Dam  follows: 

Connection  frcm  Massena   Terminal  Railroad  via  proposed 

Government  terminal  yard  (Line  A,  Drawing  MRR-R-l/l).»|193,000 

Connection  from  the  New  York  Central  Railroad  (Massena 
Springs   Terminal)  via  proposed  Government  terminal 
yard , 1800,000 

Connection  from  the   relocated  Ottawa  Branch,  New  York 

Central  Railroad  at  Grass  River  Look ,, ,,  ,|520,000 

The  plan  indicated  as  Line  A  has  the   lowest  first   cost  and  is   recommended 
for  adoption  if  satisfactory  arrangements  oan  be  made  with  the  Massena 
Terminal  Railroad.     It  is  understood  that   the  Aluminum  Company  favors 
this  line.      During  the  latter  stages   of  preparation  of  this  report,  the 
Massena  Terminal  Railroad   Company  officials   stated   that  they  would  extend 
their  tracks  and   construct  the  proposed  yard  north  of  the  AIumintOB  Plait 
if  the  proposed  St,   Lawrence  River  project  were  constructed.     The  work 
schedules,  contracts  and   cost  estimates  in  this  report  ware  based  on  this 
assumption.      Attention  is   invited  to   Drawings  Nos,  MBRR-l-l/l-12,   Appen- 
dix 111-21(1).      Drawing  No,  LlBRR-1-l/l   shows  the   general  plan  of  the 
railroad  layout   on  which  the   estimates   of  cost  are  based  and   the   portion 
assigned   to  each   contract.      This   plan  provides  for  temporary  and  perma- 


nent   tracks  to   Seaway  Village,   Robinson  Bay  Look,   Long  Salt   Deun  and  Barn- 
hart  Island   powerhoiB  e.      Drawing  No,   MBRR-l-2/l   shows  the  plan   of  sub- 
surface explorations  betv/een   Grass   River  and  Long  Sault  Dam,      These   rail 
connections  are   required  at  the  beginning  of  operations  ai  d  have  been 
assigned  P-0  priority, 

HIC-EWAY  TO  SEAFAY  VILUGE,  ROBIFSON  BAY   LOCK   LONG  SAULT  DAM,   AND 
BARNART  ISLAND  PORTERHOUSE  FROM  TEE  UNITED  STATES  SIDE 

g.      Proposed  Flan,«     Highway  connection  from  the  United  States 
side  to  the"  downstream  division  (below  Morrisburg)   of  the  proposed  pro- 
.-jeot  will  be   obtained  by  improving  existing  roads  and  by  the  construction 
of  a  permanent   road  from  State  Highway  No,    37  on  the   south  bank  of  Grass 
River  to  the  Bamhart   Island  Powerhouse  by  way  of  Robinson  Bay  Lock,   Dike 
No»   4,   and  Long  Sault    Dam,      Pending  the  construction  of  the  lock  and 
dike,  temporary  facilities  will  be   provided   over  a  temporary  plug  in  the 
canal  west    of  the   lock.      The  new  road  will  cross  Grass   River   on  a  tempo- 
rary bridge  to  be   constructed  at  a   site  east   of  the  existing   cantilever 
bridge   leading  from  Route   37  to  the  Aluminvnn  Plant,      Recent   information 
indicates  that  the   existing  cantilever  bridge  will  be  strengthened  to  a 
capacity  of  20  tons.      In  this  event,   construction  of  the  temporary  bridge 
should  be   postponed  until   the  need  for   it  is   demonstrated,   and  the  new 
road   corstruction  should    start  with  the   improvement  of  the  North  Grass 
River  Road  beginning  at   or  near  the  northerly  end  of  the  existing  canti- 
lever bridge.      Present   plans  also  provide  for  the   improvement   of  the 
North  Grass   River  Road   throughout  its   length  and  its  extension  to  the 
Irass  River  Lock  site,  and  also  the   improvement   of  Forton  Road   leading 
through  the   site   of  seaway  Village  from  North  Grass  River  Road   to  J/B.ddle 
Road.      Drawings  MBPN-l-l/l-14  and  MBHN-l-90/l-8,   Appendix  II 1-21(1), Part 
II,   show  the  plan,   profile,  bridge   plan  and  bridge   details   of  the   connec- 
ting highway  to  the  powerhouse,  and  Drawings  ML-2-185/l-6   show   the  plan 
and  profile   of  the  road  leading  from  Massena  Center  to  Grass  River  Lock, 
The  extent   and   location  of  the   explorations    conducted  at  various  bridge 
sites  are   shown  on  Drawing  MRR-A-2/l,      The   constiruction  of  these  roads 
and  railroad   is   included   in  various   contracts  as   indicated  on  the   draw- 
ings.    For  reasons   set  forth  in  paragraph  34a,  these  highway  connections 
have  been  assigned  P-0  priority,  "* 

h.      Treatment  under  the   Original   238-242  Plan.-   Connecting 
railroad   and   highway  routes   are  not   indicated  on  the  Original   238-242 
Plan,      The   costs   of  such   features  were   included   in  unit  prices   and   in 
allowances   for  contingencies, 

i.      Present  Status   of  Plans,-     Preliminary  studies   only  have 
been  made,""  Plans   and   prof^iles  were  developed  from  the    Ross   Survey  Maps, 
Additional  profiles  and  cross   sections  will  be  required  for  the   detennina- 
tion  of  final   alignment  and  grade,  and  for  estimate  of  quantities.      Soil 
investigation  will  be  necessary  in  some  areas  to  determine  foundation 
conditions, 

j.      Estimated  Cost   and  Time  Required  to  Complete  Plans,-     It  is 
estimated  That  three  months  will  be    required  to  complete  the   field  work 
and  engineering  for  the    connecting  hit^•hway  at   a   cost   of  $7,500,      Delay 
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in  this  work  might  delay  oonstruotion  of  the  larger  features  of  the  pro- 
ject. 

_k.  Alternate  Plan,-  A  temporary,  timber,  deck  truss,  highw^ 
bridge  across  Grass  River,  22  feet  wide,  was  planned  as  part  of  the  con- 
necting highvmy  from  Route  37  to  Seaway  Village,  Long  Sault  Dam,  Grass 
River  Lock,  Robinson  Bay  Lock,  Long  Sault  Canal  and  the  Barnhart  Island 
powerhouse,  in  the  event  that  the  existing  cantilever  bridge  which  cross- 
es the  Grass  River  at  the  Aluminum  Plant  is  not  strengthened  or  is  found 
to  be  inadequate,  A  short  movable  span  comprising  the  central  portion 
of  the  proposed  bridge  which  could  be  moved  out  of  position  on  a  barge 
or  lifted  by  derricks  will  provide  sufficient  clearance  for  a  dredge,  at 
times  used  by  the  Aluminum  Company,  The  existing  cantilever  bridge,  lo- 
cated about  1,000  feet  v.est  of  the  proposed  new  bridge,  is  designed  for 
a  maximvmi  load  of  only  10  tons,  and  has  an  18-foot  roadway.  It  would, 
therefore,  be  inadequate  for  the  heavy  traffic  which  will  exist  durdng' 
construction, 

1,  Discussion,-  The  highway  traffic  through  the  center  of 
Massena  an"?  across  the  Grass  River  by  way  of  the  Main  Street  Bridge  is 
at  present  of  such  volume  that  additional  traffic  would  cause  very  cost- 
ly delays  in  getting  mem  and  materials  to  the  work  sites.  The  proposed 
bridge  will  bypass  the  business  center  of  Massena,   Subsurface  explora- 
tion was  conducted  at  three  sites  during  the  studies.  One  site  was  lo- 
cated across  the  Massena  Power  Canal  and  two  sites  were  located  across 
the  Grass  River,   One  of  the  latter  sites  located  about  1,000  feet  down- 
stream from  the  existing  oantilever  bridge  was  selected  for  the  final 
location.   The  explorations  consisted  of  drilling  in  overburden  and  rock, 
probing,  and  the  determination  of  the  elevation  of  bedrock  by  the  seismic 
method.   The  locations  and  records  of  the  explorations  are  shown  on  Draw- 
ing MRR-A-2/l,  Appendix  111-21(1),  Part  II,  The  bridge  is  designed  for 
the  Standard  H-20  loading.   Ice  conditions  in  the  river  necessitated  a 
minimum  nianber  of  piers,   since  the  bridge  will  be  of  a  temporary  nature, 
untreated  timber  deck  trusses  are  proposed, 

m.  Present  Status  of  Flans,-  Plans  for  both  superstruot'Te 
and  substructure  have  been  completed.   Specifications  and  analysis  of 
design  have  not  been  prepared, 

n.   Estimated  Cost  and  Time  Required  to  Complete  Plans,-  The 
astiirated  "ost  for  completing  specifications  and  analysis  of  design  for 
the  Gra§s  River  Highway  Bridge  is  |1,000,  and  the  time  required  is  ap- 
proximately three  weeks.   Estimated  time  to  construct  the  bridge  is  four 
months , 

o.   Estimated  Cost,-  Ji  summary  of  the  estimated  cost  of  Sea- 
way Village"  is  shown  below.   There  is  also  shocm  a  summary  of  the  esti- 
mated cost  of  power  for  oonstructi  Ji ,  fully  discussed  in  Chapter  II,  para- 
graph 27,   Detailed  estimates  are  contained  in  Appendix  IIJ-21(3)  and 
Appendix  A-2,  respectively. 
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(1)  Seaway  Village.* 

Contract   Cost ••••••••••••••••••• |4 ,788 ,258 

Engineering  and   Contingencies 

( about   18?5) 861,742 

Total   Cost    of  Sea-way  Village*....,,  15,650^000 

(2)  Power  for  Construction,* 

Contract  Cost.,,,,, $     184,000 

Engineering  and   Contingencies 

(about  18^) 33,000 

Total  Cost  of  Power  for  Conatruotion  217,000 

Total   Cost   of  Items   (1)   and   (2),,,,  $5,867,000 

The  cost   of  the  temporary,  connecting  highway  from  the  cantilever  bridge 
at  the  Aluminxan  Plant  to  Long  Sault    Dam,  and  the   connecting  railroads 
from  the  proposed  yards   of  the  Massena   Terminal   Railroad  north   of  the 
Aluminum  Plant   to  Long  Sault  Dam,   a  total  of  approximately   $392,000  is 
included  in  the  cost  estimates  for  Long   Sault    Dwp    (Feature  No. 22).      The 
cost  of   the   additional  work  to   provide  permanent  highways  aid  railroads 
on  the  United  States   side  is  included  in  the  estimates  for  Robinson  Bey 
Lock  (Feature  No.    18) |   Long  Sault    Dam  (Feature   No,    22);    end  Bamhart 
Island  Powerhouse   (Feature  No,    24).      It   is  believed   that    the  present  can- 
tilever highway  bridge  across  Grass  River  at  the   Aluminum  plant  will  be 
strengthened  by  the  County  and  that   the  proposed   alternate  temporary 
highway  bridge  across  Grass  River   (see   paragraph  55k)  will  not  be   requir- 
ed.    Therefore,  no  estimate  for  the   latter  is   inclu"ded. 

56,      FEATURE  NO,   22  -   LONG  SAULT   DAM  AND  ATTACHED  DIKES.-     _a.    De- 
scription  and  Purpose,-       The   Long  Sault    Dam  is  a   concrete  gravity  sTruo- 
ture   consisting  of  an  overflow  spillway  flanked   on  either   side  by  con- 
crete gravity  bulkheads   or  non-overflow   sections,  with  short  earth  wing 
dams  extending  to  high  ground.      It  is  curved  in  plan,  with  a  radius  of 
1  ,600  feet.     The  main  structure  extends  from  the   south  mainland   to  the 
head   of  Bamhart  Island,  while   the   shore    sections  will  complete  the   clos- 
ure to  high  land   on  the   island  and   the  mainland.      The  purpose    of   the 
structure   is  to  control  the  main  (south)   channel   of  the   St.    Lawrence  Ri- 
ver for  creation  of  the   power  pool  and  to  serve  as   the  flood  aid  emerg- 
ency spillway  for  this  pool.     The  Barnhart  Island  powerhouse  with  flank- 
king  earth  dikes   along  Barnhart   Island   and  across   the   channels  bet//een 
Bamhart  Island  and  the   Canadian  mainland  near  the  east  end   of  the  island, 
will  constitute  an  extension  of  the  dam.      The  Meroator  Coordinates  of  the 
Long  Sault  Dam  are   shown  on  the   contract  plans.     The  south  end   of  the 
spillway  at  the  axis   of  the  dam   is   at   point  N.   1,820,024.305,   fi,    362,609, 
and  the  north  end   of  the   spillway  at   the  -axis  is  at   point    N,   1,822,141#091, 
E,    363,327,375,     For  reasons   set  forth, in  paragraph  34b  (9),  P-1  priority 
has  been  assigned. 

b.     Treatment  under  the   Original    238-242  plan,-     The  Original 
238-242  Plan   included  a    similar   dam  for  the    same  purpose  located  approxi- 
mately 1,000  feet  upstream  fran  the  site  now  proposed.      The  exact  loca- 
tion and   detailed  plans  are  not   available,  but  the  map  and  estimate  made 
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by  the  Canadian  Department  of  Transport  indicate  that  the  same  general 
scheme  of  diversions  during  const ruoti on,  including  the  raising  of  Lock 
21  was  contemplated.   In  the  original  plan,  the  spillway  was  shown  about 
50  per  oent  longer  and  the  gate  sills  two  feet  higher  than  now  proposed, 
but  the  regulatory  effects  on  the  river  are  practically  the  same  in  both 
cases.   The  changed  location  and  details  of  design  were  made  as  a  result 
of  additiora  1  subsurface  exploratory  data,  and  it  is  considered  that 
they  will  effect  a  substantial  saving  in  cost, 

o.  Additional  Data  Secured,  -  Additioral  foundation  explora- 
tions were^msde  wVilch  disclosed  valuable  information  not  heretofore  avail- 
able,  particularly  with  respect  to  the  elevation  of  sound  rock  near  the 
lower  end  of  Long  Sault  Island  and  in  the  deep  channel  between  Long  Sault 
and  Bamhart  Islands, 

d.   Discussion.-  The  seismic  and  drilling  explorations  dis- 
closed thaF  sound  rock  at  the  east  end  of  Long  Sanlt  Island  is  at  higher 
elevation  than  previously  considered,  and  that  the  slope  of  the  surface 
of  the  bedrock  below  this  point  is  less  precipitous  than  the  slope  of 
the  channel.  In  view  of  this  information,  investigations  into  the  feasi- 
bility of  locating  the  dam  downstream  in  order  to  reduce  its  length  were 
underteter.  The    studies  considered  ell  features,  including  cofferdam 
and  diversion  costs.   The  proposed  location,  about  1,000  feet  downstream 
from  the  earlier  one,  was  determined  to  be  the  most  economical.   Although 
the  dajn  could  be  further  shortened  by  locating  it  still  further  down- 
stream, the  bedrock  is  at  lower  elevations  and  the  cost  of  the  dam  and 
the  cofferdam  would,  therefore,  be  increased.   It  was  found  impractical 
to  shorten  the  spillway  further  by  additional  lowering  of  its  crest  be- 
cause of  increased  gate  costs  and  decreased  stability.   In  the  plans 
for  diversion  of  the  river  flow  during  construction  advantage  was  taken 
of  the  division  of  the  river  into  two  channels  by  Long  Sault  Island  im- 
mediately upstream  from  the  dam  site.  It  is  proposed  to  divert  the 
entire  flow  through  either  channel  while  the  other  is  closed  to  permit 
construction  of  the  corresponding  section  of  the  dam.   This  program  will 
require  the  excavation  of  the  three  diversion  cuts,  which  are  among  the 
major  items  in  the  contract.  In  order  to  maintain  natural  flow  in  the 
upper  reaches  of  the  south  channel,  to  prevent  interference  with  the 
supply  to  the  Mas sena  Power  Canal,  it  will  be  necessary  that  the  flow 
of  the  south  channel  be  diverted  into  the  north  channel  through  a  cut 
across  the  lower  end  of  Long  Sault  Island  (Cut  C)  during  the  first  stage 
of  construction.  In  order  to  construct  the  northern  part  of  the  dam  in 
the  dry  (second  stage  of  construction)  the  flow  in  the  north  channel  will 
be  diverted  across  Long  Sault  Island,  to  the  lower  portion  of  the  south 
channel  through  Cut  F,   The  limited  capacity  of  the  south  channel  ivill 
require  the  enla rgetisnt  of  the  lower  portion  by  the  excavation  of  Cut  Q 
(see  Flatp  M-1),    The  v;ater  level  in  the  pool  is  the  basic  controlling 
factor  for  most  of  the  project  construotior.  operatnons.   These  levels  de- 
pend directly  on  the  construction  stages  and  closure  operations  for  the 
Long  Sault  Dam  which  are  in  turn  dependent  upon  and  controlled  by  pro- 
gress of  construction  of  the  Bamhart  Island  powerhouse.   The  latter, 
because  of  its  magnitude,  determines  the  progress  of  the  construction  pro- 
gram as  a  whole.  It  is  believed  that  the  length  of  the  various  stages  of 
project  construction,  as  determined  by  progress  on  the  powerhouse, will 
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be  sufficient  to  permit  all  other  inter- related  features  of  the  projeot 
to  be  accomplished  to  best  advantage  under  the  work  schedule  previously 
discussed,  A  more  detailed  discussion  of  the  diversion  during  construo- 
tion,  and  of  the  factors  which  controlled  the  design  of  the  diversion 
outs,  are  contained  in  Section  XIV  of  the  Analysis  of  Design  for  the 
Long  Sault  Dam,  Appendix  111-22(3),  Present  navigation  facilities  through 
the  Canadian  locks,  bypassing  the  Long  Sault  Rapids,  permit  creation  of  a 
pool  only  to  elevation  205,  In  order  to  maintain  the  present  facilities 
until  the  pool  is  raised  to  final  level,  it  is  proposed  to  raise  the 
coping  of  Lock  21  to  elevation  210,  and  reconstruct  the  dike  between  the 
canal  and  the  iriver,  and  the  dike  on  the  north  side  of  the  lock,  to  the 
same  elevation, 

e,  Reconnnended  Plan,«  The  Long  Savdt  Dam  is  a  concrete  gravity 
structure  with  maximvan  height  of  aboub  145  feet  above  foundation.   It 
includes  an  overflow  spillway,  crest  elevation  221,0  flanked  by  concrete 
gravity  bulkhead  sections,  earth  wing  dams  and  earth  dikes,   Ihe  center 
line  of  the  main  structure  is  an  arc  of  1,600  feet  radius.  Forty  spill- 
way openings,  with  vertical  lift,  roller  type,  crest  gates  25  feet  in 
height,  operated  by  two  traveling  gantry  cranes,  will  bypass  water  not 
used  in  the  powerhouse.   The  spillway  apron  and  bucket  will  be  construct- 
ed as  an  integral  part  of  the  structure  as  the  depth  of  tailwater  renders 
a  long  stilling  basin  unnecessary.  The  crest  length  of  the  spillTjay  is 
2,390  feet,  of  which  2,000  feet  are  clear  spillway  openings.   The  con- 
crete bulkheads  at  each  end  of  the  spillway  are  approximately  260  feet 
long.  The  wing  dams  and  dikes  will  be  of  compacted  earth,  protected  on 
both  sides  with  riprap.   The  Long  Sault  Dam  and  attached  dikes,  in  con- 
Junction  with  the  Barnhart  Island  powerhouse  and  its  attached  dikes, 
will  control  all  channels  of  the  St,  Lawrence  River  and  will  raise  the 
water  to  the  ultimate  operating  level,  elevation  242,  thereby  developing 
all  available  head  between  the  powerhouse  and  Chimney  Point, 

f.  Present  Status  of  Plans  and  Specifications,-  The  general 
plans,  specif icaticn  8,  and  design  analysis  for  the  Long  Sault  Dam  have 
been  completed  and  comprise  Appendices  111-22(1),  (2)  and  (3),  The  plans 
and  specifications  are  sufficiently  complete  to  permit  advertising  for 
bids  for  the  construction  of  the  dam  and  its  flanking  earth  dikes.   The 
plans  provide  for  the  erection  of  the  gates,  individual  hoists,  two 
traveling  gantry  cranes,  and  the  electrical  conduits.  Plans  and  speci- 
fications for  the  purchase  of  the  gates  and  the  one  gantry  crane  required 
for  diversion,  and  sufficient  reinforcing  steel  to  complete  the  south 
bulkhead  and  the  spill^^ay  from  piers  1  to  14,  inclusive,  together  with 
the  bridge  plate  girders,  complete  for  the  entire  deun,  have  been  prepared 
and  are  included  in  Appendices  111-22(1)  and  111-22(2),  Part  *I\wo,  It  was 
intended  to  inclu  de  only  the  portions  of  equipment  that  will  be  initially 
required  in  order  to  keep  the  immediate  requirements  for  steel  and  machin- 
ery to  a  minimum.   Specifications  for  the  second  gantry  crane,  for  the 
remainder  of  the  spillway  gates,  with  their  individual  hoists,  and  for  tl-e 
balance  of  the  reinforcing  and  structural  steel,  can  be  readily  prepared 
by  altering  a  few  features  of  Appendix  111-22(2),  part  Two,   Only  the 
technical  requirements  have  been  covered  in  this  Appendix  as  the  general 
requirements  ordinarily  included  in  Section  I  of  specifications,  are 
subject  to  frequent  changes, 
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g.      Estimated  Cost   and  Time  Required   to  Coxnplete  Plans.-  iXir- 
ing  const inTcti on  of  the   Long  Sault    Deun  from  the   south  shore  up  to  and 
including  Fier  No,    14,  which  constitutes   the   first   stage   of  construction, 
ample  time  will  be   available  for  the  preparation  of  plans  and  specifioa- 
tions^  and  for  fabrication  and  delivery  of  the   spillway  gates,  hoists, 
crane,   structural  and  reinforcing  steel,   etc,,   required  for  the   remainder 
of  the   structure.      It  will  be  necessary  to  make   a  hydraulic  model  test 
in  order  to  determine  the  shape  of  the  stilling  bucket  for  the  spill^vay. 
This   test   could  be   completed  in  about   three  months   and   it   should  be 
Initiated  shortly  after  the  first  contract  is  awarded.     It  is  estimated 
that   the  cost    of  the   additional   preliminary  w ork  will  he  approximately 
$1P0,000,  including  the  cost  of  the  hydraulic  model  study.      It  is  believ- 
ed that  this  v7ork  can  be  planned  so  as  not  to  conflict  with  the  work 
schedule   for  the  Long  Sault    Dam   or  increase  the  time  required  for  its 
construction, 

h.      Estimated    Cost,-     A  summary  of  the  estimated   cost  for  the 
Long   Sault^Dam  is   shown  below,      A  detailed  statement    of  estimates   of  the 
cost   of  the   general  construction  contract  and   of  the  materials   and  equip- 
ment to  be  furnished  by  the   Government  are  oontairsd  in  Appendix  111-22(3) 

(1)  Long  Sault  Dam 

Contract  Cost ,,,$8,857,975 

Materials  and   Equipment  furnished 

by  Government,,,, 7,712,485 

^16, 570,460 
Engineering  and  Contingencies 

( ab  out  18^ ) 2,982,540 

Total  Cost , |19  ,553 ,000 

(2)  Raising  Lock  No.    21 

Contract  Cost I       100^000 

Engineering  and  Contingencies 

(about  25^) ,, 25,000 

Total  Cost 125,000 

Grand  Total,,,, $19,678,000 

57,  FEATURE  NO.  23  -  BARgHART  ISLAKD  SOUTH  FOREBAY  DIKE.-  a^. 
Description  and  Purpose,-  The  Barnhart  Island  South  Forebay  Dike  will 
be  an  earth  wing  dam  extending  westerly  from  the  westerly  end  of  the 
United  States  portion  of  the  powerhouse  to  high  ground  near  the  center 
of  Barnhart  Island,  It  will  be  a  compacted  earth  dike  protected  by  rip- 
rap on  the  upstream  face  and  with  adequate  downstream  drainage.   The 
final  details  of  design  have  not  been  prepared}  however,  it  is  known 
that  at  least  part  of  the  foundation  is  pervious  gravel  and  therefore 
special  designs  and  additional  subsurface  investigations  will  be  required. 
For  general  location  and  other  information  see  Drawings  BP-l-l/l  and  BP- 
1-20/1,  Appendix  111-24(1),  For  reasons  set  forth  in  paragraph  34b(10), 
P-1  priority  has  been  assigned.  "" 
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"b.   Treatment  under  the  Original  238~242  Plan«-  The  Barnhart 
Island  SouT^  Forebay  Dike  was  shown  in  the  Original  238-242  Plan  as  a 
standard  section  earth  dike  in  approximately  the  same  location  as  now 
planned  and  intended  to  serve  the  same  purpose.  No  specific  data  regard- 
ing foundation  conditions  were  available  when  the  original  plan  was  made 
and  some  changes  in  details  of  design  will  probably  be  required  as  a 
result  of  more  complete  subsurface  information, 

c.  Additional  Data  Secured,-  A  number  of  borings  at  the  site 
of  the  BarSiart  Island  South  Forebay  Dike  indicate  a  thick  bed  of  pervi- 
ous gravel  under  the  proposed  dike.  Analysis  of  conditions  at  the  site 
of  this  dike  is  given  under  "Analysis  of  Design,  Barnhart  Island  Power- 
house Dikes  and  Cofferdams"  in  Appendix  111-24(3), 

d.  Discussion,-  The  additional  subsurface  explorations  will 
provide  more  definite  information  regarding  the  pervious  gravel  forma- 
tions under  at  least  part  of  the  proposed  dike.  An  alternate  location 
for  a  portion  of  the  dike  near  the  powerhouse  was  considered  as  indicated 
on  Drawing  BP-l-l/l,  Appendix  III-24(l),   The  method  proposed  for  carry- 
ing power  from  the  powerhouse  to  the  Barnhart  Island  Switchyard  is  a 
governing  factor  in  the  choice  of  locations  for  the  dike.  If  this  is  done 
by  cables  placed  in  tunnels,  the  short,  direct  route  for  the  dike  could  be 
used,  v/hereas  if  overhead  conductors  carried  on  towers  are  used,  the  in- 
direct route  would  be  desirable.  See  also  Drawings  BP-A-2/l  and  3P-A-2/6 
in  Parts  II  and  III,  respectively,  of  Appendix  111-24(3), 

e.  Present  Status  of  Plans.-  Final  plans  for  this  dike  have 
not  been  pTepared,  Additional  borings  and  soils  studies  at  the  site 
should  be  made  before  cor.pletion  of  the  final  design.  It  is  estimated 
that  the  total  cost  of  all  preliminary  work  which  will  be  required  before 
contracts  can  be  awarded  for  the  Barnhart  Island  South  Forebay  Dike  will 
be  ^25,000  and  the  work  can  be  completed  within  three  months, 

f#  Estimated  Cost,-  The  estima+ed  oost  is  given  below.  It  is 
included  in"  the  estimate  of  oost  of  the  Barnhart  Island  Powerhouse  (Fea- 
ture No,  24). 

Contract  oost , ,..,, i'l ,020,000 

Engineering  and  Contingencies  (about 

18>b      180,000 

Total   Cost $1,200,000 

58.      FEATURE  NO,    24  -  BARNHART  ISLAND  Pg^^ERHOU SE . -     a.      Description 
and  Purpose.-        The  Barnhart  Island  powerhouse  with  attacTied  dikes,   in 
conjunction  with  Long    Sault   Dam  and   its   attached  dikes,   controls   all  chan- 
nels  of  the    St.    Lawrence  River  in  the   vicinity  of  Barnhart  Island,  crea- 
tes  the   pool   for  the  development   of   power  and  the   improvement   of  naviga- 
tion  in  the   International  Rapids   Section,  and  houses  the  necessary  genera- 
ting equipment.      The  pov/erhouse   is   3,585  feet   long,  half  being   located 
on  each  side   of  the  international  boundary  line.      The  total   proposed   in- 
stalled ceppc^ty  is   2,200,000  horsepower.      The  general   plans   and  details 
of  the  feature  are   shown  on  the   contract  drawings   in  Appendix  111-24(1). 

-134- 


For  reasons  set  forth  in  paragraph  34b(12)  and  discussed  below,  P-1  pri- 
ority has  been  assigned, 

b.  Treatment  under  the  Original  258-242  Plan,-  The  Original 
238-242  Plan  included  a  powerhouse  of  the  same  installed  capacity,  in- 
tended to  serve  the  same  purpose  but  located  approximately  800  feet  up- 
stream from  the  site  now  proposed, 

0,  Additional  Data  Secured,-  Considerable  additional  sub- 
surface exploration  work  in  the  vicinity  of  the  powerhouse  was  performed 
and  additional  hydrographio  and  topographic  surveys  were  made, 

d.  Discussion,-  (1)  The  Barnhart  Island  Powerhouse  is  the 
largest  siHgle  feature  of  the  project,  and  its  construction  will  require 
the  greatest  expenditure  of  materials,  time,  labor,  and  money.  It  serves 
the  purpose  of  a  dam  across  the  channels  north  of  Barnhart  Island  required 
for  creation  of  the  pool.  It  will  be  necessary  to  defer  the  closure  of 
the  Long  Sault  Cam  and  creation  of  the  pool  until  the  substructure  of  the 
powerhouse  is  substantially  completed  and  the  head  gates  or  equivalent 
stop-logs  are  installed.  Creation  of  the  pool  is  a  controlling  factor 
in  ihe  work  schedule  for  many  features  of  the  project,  including  dikes 
and  channel  work.  Consequently,  the  rate  of  construction  of  the  power- 
house Tdll  govern  the  construction  program  for  the  entire  project  and 
every  effort  must  be  made  to  provide  for  the  prompt  initiation  and  vigo- 
rous prosecution  of  this  feature, 

(2)  The  profile  of  the  International  Rapids  Section  of  the 
St,  Lawrence  River  disloses  that  any  plan  for  a  major  power  development 
in  this  reach  will  involve  a  dam  and  powerhouse  near  the  foot  of  the 
Long  Sault  Rapids,  while  a  glance  at  the  map  shows  that  one  of  these 
will  probably  lie  be+ween  Barnhart  Island  and  the  Canadian  shore  and  the 
other  between  the  island  and  the  United  States  shore.  In  earlier  studies, 
several  locations  within  these  limits  were  considered,  including  one 
south  of  Masseca  Point  near  the  aouth  of  the  Grass  River,  The  internat- 
ional Agreement  of  March  19,  1S41,  definitely  fixed  the  location  of  the 
dam  at  the  head  of  Barnhart  Island  and  the  powerhouse  between  the  foot  of 
the  island  and  the  Canadian  shore, 

(3)  After  review  of  the  hydrological  studies  prfeviousiy  made 
by  the  Canadian  Department  of  Transport,  it  was  decided  to  make  no  fur- 
ther hydrologic  studies  for  this  feature,  and  to  adopt  the  data  and  plan 
of  flow  regulation  set  forth  in  its  Regulation  Plan  Ho.  5  (see  "Lake 
Ontario  -  Levels,  Outflows,  Supplies  and  Regulation",  a  copy  of  which  is 
included  in  Appendix  A^2)  as  the  basis  of  powerhouse  design.  Necessary 
hydrographic  and  topographic  surveys  and  subsurface  exploration  were  un- 
dertaken by  district  forces  and  a  contract  was  entered  into  with  the  Harea 
Engineering  Company  of  Chicago,  Illinois,  to  make  engineering  studies 

and  prepare  plans  and  specifications  for  the  construction  of  the  power- 
house and  for  the  rurohase  of  the  turbines,  governors,  and  generators 
for  the  U,  S,  half  of  the  installation.  Consulting  engineers  were  engag- 
ed to  advise  on  all  important  problems,  as  work  under  the  Harza  contract 
progressed,  joint  meetings  of  the  United  States  and  Canadian  Advisory  Com- 
mittees were  held  at  which  all  major  questions  pertaining  to  the  layout 
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and  design  of  the  pov/erhouse  and  equipment  were  discuesed.  Since  it  vjas 
contemplated  that  the  powerhouse  would  be  operated  by  the  New  York  State 
Power  Authority  and  the  Hydro-Eleotrio  Power  Commission  of  Ontario,  par- 
ticular weight  was  given  to  the  desires  of  the  representatives  of  these 
organisations  in  all  matters  affecting  operation,  and  the  District  En- 
gineer and  the  Earza  Engineering  Company  held  informal  consultations  with 
their  repre<:5entatives  to  consider  details  of  powerhouse  design.  However, 
the  full  membership  of  the  Advisory  Committees  was  kept  informed  of  the 
progress  of  the  work  and  concurred  in  all  major  engineering  decisions, 

(4)  It  was  understood  that  the  j^roject  as  set  forth  in  the 
Intsrntitional  Agreement  included  the  powerhouse  and  olectrical  and  mechan- 
ical equipment  for  the  generation  of  power,  but  did  not  include  step-up 

transformers,  high  tension  cables  or  conductors  for  transmission  of  the 
power  from  the  powerhouse  or  switchyards,  and  equipment  for  conneotion 
to  transmission  lines.   All  necessary  equipment  of  this  kind  must  be  pro- 
vided by  the  operating  agencies,  Eo'.vever ,  space  for  their  installation 
must  be  provided  in  the  powerhouse  and  the  surrounding  area,  and  the 
type  and  layout  of  such  equipment  will  govern  many  items  of  design  of  the 
powerhouse  structure.   Accordingly,  the  contract  with  the  Earza  iingineer- 
ing  Company  provided  for  study  of  this  ma+ter  to  the  extent  of  determin- 
ing the  layout  and  type  of  equipment.  These  determinations  were  concurr- 
ed in  by  the  Advisorj'  Comrdttees, 

(5)  The  district  forces  conducted  subsurface  investige^tions 
at  the  powerhouse  site  to  determine  the  characteristics  of  the  overburden 
and  bedrock,   A  description  of  the  laboratory  tests,  the  location  of 
drill  hol-^^s,  etc.,  and  methods  used  in  all  fiel-i  explorations  is  contain- 
ed in  }art  II  of  Appendix  111-24(3),   All  these  data  were  made  available 

to  the  Earza  Engineering  Company,   Additional  explorations  will  be  required 
during  or  prior  to  construction  to  determine  the  size  and  location  of 
various  gypsum  beds  vhich  were  not  fully  developed.   The  explorations  will 
be  performed  in  connection  with  the  exploratory  holes  for  grouting  the 
foundation,   Adnitional  exploration  will  also  be  required  prior  to  or 
during  construction  at  the  sites  of  cofferdams  A  and  B  and  on  the  forebay 
dikes,  to  check  the  design  of  the  sections  shown  on  the  contract  dravjings, 

(6)  The  contract  with  the  Farza  EIngineering  Company  pro- 
vided for  submission  of  a  preliminary  report  to  include  the  followingi 

Study  to  determine  most  advantageous  location  of  pcwerhouse 
and  sluiceways!  most  economical  and  practical  type,  rating  and  spac- 
ing of  generating  unitsi  and  most  economical  design  and  location  of 
interior  electrical  equipment  and  out-of-door  high  tension  substations. 

Estimate  of  cost  of  recommended  power  plant  find  sppurtenant 
works. 

Description  of  recommended  features,  giving  type,  rating 
and  characteristics  of  major  items  of  equipment. 

Sketch  plans  to  accompai^r  the  report  including,  but  not 
restricted  to  the  following; 

-136- 


General  looation  plan* 

Elevations  of  power  plant* 

Turbine  floor  plan. 

Generator  floor  plan. 

Control  room  floor  plan. 

Cross  section  through  unit* 

Longitudinal  section  through  powerhouse* 

sections  of  ice  juid  trash  sluices* 

Sections  of  wing  walls. 

Layout  of  high  tension  substations* 

This  report  was  submitted  on  June   21,  1941,  and  is  included  in  ^pendix 
111-24(3)*  After  study  of  this  preliminary  report  by  the  iudvisory  C<aa« 
mittees,  the  District  Engineer,  the  Office  of  the  Chief  of  Engineers, 
and  certain  of  the  consultants,  the  Harza  Engineering  Company  was  in- 
structed to  proceed  with  the  preparation  of  plans  and  specifications. 
These  instructions  included  the  decisions  of  tne  Advisory  Boards  upon 
various  questions  which  had  not  been  definitely  determined  in  the  pre** 
liminary  report*  The  most  important  of  these  decisions  were 

The  selection  of  the  location  designated  "C"  in  the 
preliminary  report. 

The  arrangement  of  generating  units  and  step-up  trans- 
formers in  the  following  order  from  south  to  north* 

12  U*  S,  units  for  60  cycles,  230  kv* 

6  U.  S,  units  for  60  cycles,  115  kv* 

6  Canadian  units  for  60  cycles,  115  kv. 
12  Canadian  units  for  25  cycles,  230  k7. 

Transmission  of  power  from  the  powerhouse  to  the 
switchyards  as  set  forth  in  paragraph  58e(8), 

Location  of  transformers  on  the  downstream  side  of  the 
powerhouse;  provisions  to  be  made  for  one  bank  of  single  phase 
transformers  for  each  pair  of  generators  except  a  separate  bank 
of  half  the  capacity  for  each  of  certain  60-cycle  units  as 
may  be  desired  by  the  Canadian  authorities* 

No  large  sluiceway  to  be  provided  between  the  power- 
houses j  pool  to  be  regulated  by  the  crest  gates  of  the  Long 
Sault  Dam,  some  of  which  will  be  equipped  with  individual 
gate  hoists  for  this  purpose* 

Six  ice  sluices  to  be  provided,  with  crests  at  elevation 
229*0|  two  75-foot  ice  sluices  at  each  end  of  the  powerhouse 
and  two  50-foot  in  the  center. 

The  design  of  scroll  oases  and  draft  tubes  to  be  such 
that  there  will  be  a  solid  buttress  of  concrete  between  each 
pair  of  adjacent  units  extending  through  the  substructure  from 
forebay  to  tail race  in  a  straight  line  at  right  angles  to  the 
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center  line   of  the   powerhouse, 

(7)     On  the  foregoing  basis  the  Harza  Engineering  Company 
proceeded  with  the  preparation  of  contract   plans  and   specifications  for 
the  main  contract  for  the  construction  of  the  powerhouse,  and  for  the 
purchase  of  the  turbines,  governors  and  generators  for  the  United  States 
half.     During  the  course  of  this  work,  the  company  kept  close  contact 
with  the   District  Engineer,  the  Office,  Chief  of  Engineers,  and   -Uie  mem- 
bers of  the   Advisory   Committees,     Frequent  consultations  were  held  and 
partially   completed  work  was   submitted  for  approval.      After  the  Harza 
liJngineering  Company  completed  the  plans  and   specifications,  they  were  re- 
viewed by  the  W-striot  Engineer  and  the  Office,   Chief  of  Engineers,  and 
many  revisions   and  additions  were  made.      These,  however,   pertained  only 
to  details   of  design  and  arrangement.     All  the  essential  points   of  the 
completed  plans  and  specifications  have  met  with  the  approval   of  the  Ad- 
visory Boards,  either  formally  or  informally.     The  plans,  specifications, 
and  analysis   of  design  «re  contained  in  Appendices  111-24(1),   (2)  and  (S), 

e.     Recommended  Plan,-     (l)      The  powerhouse     as  now  proposed  ia 
a  structure"  3,585  feet  long  and  180  feet  wide,  divided  at   the   center  by 
the   international  boundary  line.     Starting  from  the  boundary   line  and 
proceeding  shoreward,   each  half  consists   of  one  ice   sluice  at  midstream, 
one  house  unit,  18  main  units,   and  two  ice  sluices  at   the  abutment  end. 
For  general   plan  and   sections    of  powerhouse,   see   conbract  drawings  in 
Appendix  111-24(1). 

(2)  Hie   intakes  to  the   turbines  consist  of  three  passages 
for  each,  and  will  be  equipped  with  trash  racks,   stop-logs,  and  head 
gates.     The  trash  racks  will  be  placed  in  sloping   slots  at  the  upper  end 
of   the    intake   passages  and  will  be  designed  for  easy  cleaning,   quick  aid 
simple    removal   or    replacement  by  means   of  an  upstream  gantry  crane,      Ad» 
jacent   to  the   trash  racks  will  be  located  the  slots  for  the  stop-logs. 
Immediately  downstream  from  the   stop-logs  will  be  the   intake   service 
gates.      They  will  be  wheeled  gates,    of  structural   steel   in  three   sections, 
to  be  bolted  together  at   the  site.     The   scroll  cases  for  the  18  main  tur- 
bines will  be   vinlined  reinforced  concrete.      Thescroll  case   for  the  house 
turbine   will  be   steel  plate, 

(3)  The  turbines  for  the  18  main  units  are  of  the  vertical 
shaft  Francis   type,  having  a  capacity  at  best  gate   of  not   less   than 
61,100  horsepower  at  an  effective  head  of  81  feet,  and  a  capacity  of 
67,100  horsepov/er   at  full  gate.     At   heads   greater   than  85  feet,    the  tur- 
bine  gate   opening  will  be    limited  so  that  the  maximxan  output  will  not 
exceed   72,200  horsepower.      The  turbine  for  the  house  unit  will  have  a 
capacity  at  full   gate   of   not   less   than  9,000  horsepower  at  an  effective 
head   of  81  feet.     At  heads   greater  than. 81  feet,  the  turbine  gate   open- 

fcg  will  be   limited   so  that   the  maximum  output  will  not  exceed  this  rated 
capacity.      The   rated   speeds  will  be   69,2  revolutions   per  minute  for  the 
67,100  horsepower  turbines   and  150   revolutions   per  minute  for  the   9,000 
horsepower  turbine.      The   draft  tubes  will  be   of  the   simple  elbow   type, 
provided  with  stop-log  slots  for  unwatering.      These   stop-logs  will  be 
handled  by  an  overhead  traveling  crane   located  in  a  gallery  above   the 
tail  race, 
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(4)   In  each  of  the  two  powerhouses,  there  will  be  eighteen 
generators  rated  at  55,000  leva,  3-phase,  13,800  volt,  69,2  revolutions 
per  minute,  95  per  cent  power  factor.  Each  unit  will  be  equipped  with 
a  direct  connected  main  exciter  and  pilot  exciter,  thrust  and  guid« 
bearings,  air  coolers,  voltage  regulators,  rheostats  and  field  breaker 
panel.  Twelve  of  the  main  generators  in  the  Canadieui  powerhouse  will 
be  25-cyole  and  will  operate  at  a  slightly  different  speed.   These  will 
be  located  at  the  center  end.  All  of  the  units  in  the  American  power- 
house will  be  60-oycle,  The  house  service  unit  in  each  powerhouse  will 
be  a  generator  rated  at  7,500  kva,  60-oycle,  3-phase,  13,800  volt  150 
revolutions  per  minute,  85  per  cent  power  factor.  It  will  be  of  ver- 
tical shaft,  umbrella  or  overhung  type  equipped  with  direct  connected 
exciter,  thrust  and  guide  bearings,  air  coolers,  field  rheostat  and 
field  breaker  panel, 

(5)  The  main  generator  room  of  the  powerhouses  will  each 
be  equipped  with  two  300-ton  cranes  of  the  overhead  traveling  bridge 
type  with  double  trolley  hoists  having  a  main  and  auxiliary  hook  each, 

(6)  The  main  step- up  transformers  will  be  located  on  the 
downstream  side  of  the  powerhouses  at  the  generator  floor  level.  They 
will  be  arranged  in  banks  of  three  transformers  for  each  two  main  units* 
Space  will  be  provided  in  the  Canadian  powerhouse  for  the  provision  of 
an  individual  bank  of  smaller  transformers  for  each  60-cycle  generator, 
if  desired,  A  service  and  transformer  track  will  extend  the  full  leng-tii 
of  the  powerhouse  along  the  downstream  side  of  the  transformers.   This 
service  track  will  have  a  connection  to  the  railroad  systems  on  the 
Canadian  shore,  and  will  be  linked  to  the  red  Iroad  systems  on  the  Ameri- 
can shore  by  a  odnnection  on  Barnhart  Island  and  across  Long  Sault  Dam* 

(7)  The  extra  space  provided  in  the  ice  chute  bays  and  in 
the  end  bays  of  the  powerhouse  is  ample  to  pemit  the  disassembly  of 
two  complete  units  in  each  powerhouse.  Space  is  also  available  in  these 
areas  for  machine  shop,  erection,  welding  and  grinding  of  runners,  stor- 
age of  spare  ninners  and  for  maintenance  work  on  the  transformers.  Space 
for  offices,  control  room,  and  other  facilities  is  available  in  the  end 
bays.  Visitors  galleries  and  elevators  are  provided  throughout  the  pow- 
erhouses • 

(8)  The  method  of  conducting  high  tension  power  from  the 
transformers  at  the  powerhouse  to  switchyards  on  shore  was  not  definite- 
ly determined.  In  «aeh  powerhouse,  power  from  the  six  units  farthest 
from  the  shore  will  be  conducted  at  116,000  volts  by  high  tension  cables 
carried  in  galleries  or  ducts.  The  use  of  cables  to  conduct  the  high 
tensior  power  from  the  remaining  twelve  units  in  each  powerhouse  at 
230,000  volts  involves  certain  technical  difficulties,  and  some  electri- 
cal ergineers  expressed  a  preference  for  the  use  of  overhead  conductors. 
The  Advisory  Committees  finally  decided  that  the  plans  and  specifications 
should  be  based  on  the  use  of  230,000  volt  cable,  but  that  provision 
should  be  made  for  possible  change  to  overhead  conductors  for  either  or 
both  of  the  two  groups  of  12  units.  The  use  of  overhead  conductors 
would  require  high  structural  steel  towers  connected  by  latticed  girders 
and  supported  by  the  tower  legs  resting  on  the  walls  between  the trajasf ormer 
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bays,   on  the  upstream  side,  and  on  the   top  of  the   draft  tube  piers,   on 
the  donnstream  side.      From  this  structure,   the   ocnduotors  on  the  Cana- 
dian side  would  have  a  maximum  span  of  1,700  feet  to  the  shore  towers 
located  on  the  north  forebay  dike,   thence  average   spans   of  1,300  feet 
to  the   switchyard  orossing  the   lower  approach  to  the  new  Cornwall  Canal 
Look*      The  tower   structure  on  the  United  States   side  would  be   located 
behind  the  south  forebay  dike,  giving  a  maximum  span  of  1,800  feet. 
However,   if  xmderground  cables  are  used  to  conduct  the  poweir  to  the 
switchyards,  the  south  forebay  dike  on  Bamhart  Island  should  be  reloca- 
ted to  the  dotted  position  shown  on  the  plan  in  Drawing  BP-l-l/l,      The 
location  of  the  north  forebay  dike  on  the  Canadian  side  will  not  be  af- 
fected by  the  method  used  for  conducting  the  power  to  the  switchyard, 
A  detailed  discussion   of  the  underground   cables  and  the  overhead  conduc- 
tors is  contained  in  the  preliminary  report  of  the  Harza  Engineering 
Company  (Appendix  111-24^3),   Part  I  B)  in  paragraph  8,   under  "Physical 
Arrangement  of  Electrical   Equipment".     It   is   recommended  that  the   under  - 
ground   cable   system  for  conducting  the  power  to  the  switchyard  be  used 
as  shown  in  the  Earta  preliminary  report.   Drawing  SLP-K-S   "Location  C 
Sleotrical  Arrangement  Soheme   2". 

f.     Present  Status   of  Plans  and   Specific at ions,»     The  plans 
and  specifTcations  in  Appendices  111-24^1)  and  i,2)   include   only  the  main 
contract  for  the   construction  of  the  powerhouse,  and  purchase  and  instal. 
lation  of  the  turbines,   governors  and  generators.     It  is  provided  that 
the  United  states  will  furnish  cement  and  aggregate  for  the   concrete; 
specifications  for  the  purchase  of  concrete  aggregate  are  contained  in 
Appendix  C,     Numerous   other  contracts  will  be  required  for  the  canpletion 
of  the  powerhouse.     Such  items  as   ice  sluice  gates,  head  gates,   gantry 
and  traveling  cranes  were  designed  only  to  the  extent  necessary  to  pro- 
vide for  their  installation,        A  separate  contract  or  contracts  will 
be   required  for  the  architectural  finish  of  the  powerhouse  including  in- 
terior partitions,  doors,   tile  flooring,  interior  finish  of  walls  and 
ceilings,   plumbing,   lighting,  ventilation,   etc.     Other  contracts  will 
cover  the  furnishing  and  installation  of  switch  gear,   control  boards, 
relays,  air  compressors,  machine  shop  equipment,  oil  purification  equip- 
ment, etc.     Since  one  to  three  years  will  elapse  from  the  time  work  is 
ooinnienced  on  the  main  construoticn   conti^ct  until  the  foregoing  items 
are  required,  it  has  not  been  necessary  to  design  them  in  detail  at  this 
time.      Furthermore,   sufficient  funds  for  this  work  \  ere  not  available. 
'^Then  the   construction  of  the  project  is  authorised,   f\mds  should  be  made 
available  and  work  started  at   once  on  completing  the  design  of  these 
items.     The  design  of  the   scroll  cases   of  the  main  turbines,  shown  in 
plans   itj  Appendix   111-24(1),  was  made  by   the  Parza  Engineering  Company 
after   consultation  with  the   District  Engineer,   Advisory  Conwiittees, 
and  turbine  manufacturers.     It   represents,  to  some  extent,  a  compromise 
between   somewhat   divergent  views.      After   the   plans   and   specifications 
were   substantially  completed,   a   conmittee   of   turbine  manufacturers  made 
objections  to  this   design  and   submitted  an  alternate   plan.      Time    riid 
not  permit   a  complete   study  of  this  ma+ter  and   the  plans   have  not   been 
changed.      If  the  manufacturers'    scroll  case  design  -were  adopted,   the 
elevation  of  the  geYierator  floor  -^ould  be  materially  increased.      It   is 
believed  that   the  time  T?hich  must  elapge  between  the  authorization  of 
the   project  and   the   placing  of   concrete  in  the  upper   part  of  the   pov;er- 
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house  8ub8tr\x)ture  will  be  sxiffioient  to  permit  model   studies   of  the 
scroll  case,  includizig  turbine  and  draft  tube,   and  the  terminaticn    of 
any  changes   in  the  design  which  may  be  required  in  order  to  produce 
the  maximum  hydraulic  efficiency  compatible  with  economic  considerations. 
Model  tests  will  also  be  required  for  the  ice  chute  bucket  and  the   down- 
stream wing  wall  on  the  Canadian  shore.      The  model  test  for  the    ice 
ohute  bucket  will  determine  the  best   shape   of  this   structure  for  the 
least  turbulence  and  the  effect  of   this  turbulence  on  the   concrete  floor 
spanning  the  opening.      The  model  test  for  the  wing  wall  will  furnish 
information  needed  for  the   desigpi  of  the   structure, 

g.     Estimated  Cost,-     The  following  summary  of  the  estimated 
cost   of  the"  powerhouse  amounting  to  a  total  of  |148 ,044,000  includes 
both  the  American  and   Canadian  powerhouses  fully  equipped,  for  the  de- 
velopment  of  2,200,000  horsepower,  up  to  the   low  tension  termirials   of 
the  3tep-up  transformers.      There  are  also  included  in  this  estimate 
$1,200,000  for   South  Forebay  Dike   (see  Feature  No,23)j    $568,000  for 
railways,   highways,  and  bridges  from  the   Canadian  side   (see  Feature  No» 
29) I   and   $2,412,000  for  dredging   Crab  Island  shoal  and  the  tailrace 
(see  Feature  No,  32).      The  cost  of  each   item   includes  engineering 
and  contingencies,     A  detailed  estimate  of  cost  is  contained  in  Appen- 
dix 111-24(3),  Part  IV. 

(1)   Structures 

Powerhouse  Cost  (excluding  Feature  No, 
23  and  items  furnished  by  Government) 

132,963,000 

Cost   of  Feature  No,   23   (South 

Forebay  Dike)  1,200,000 

$34,163,000 

Materials  and   Equipment  furnished 

by  the  Government  17,002,000* 

Additional   Future   Cost  2,502,000  19,504,000 

Total   Cost   of  Powerhouse  Struc- 
ture  and  Feature  No,   23  53,667,000 

Cost   of  Feature  No,   29  (rail- 
road and  highway  from 
Canadian  side)  568,000 

Cost   of  Feature  No,   32  (excava- 
tion of  Crab  Island  and  tail- 
race   area   outside   of  cofferdams)    2,412,000     2,980,000 

Total  Cost  of  Powerhouse  and 

Feature  Nos.    23,    29  and  32  $56,647,000 

(continued) 
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(2)     Machinery 

Cost   of  Machinery  and   Equip- 
ment on  United  States   Side  #47,491,000 

Cost    of  Machinery  and  Equip- 
ment  on  Canadian  Side  43,906,000 

191,397,000 

Total    Cost  of  Feature  No,   24 

includii.g  Features  Nos,   23,  29 

and   32  $148,044,000 

♦   The   items  furnished  by  the  Government   include   the  followingi 

1*  T'ortland  Cement  and   Aggregate, 

2,  Turbine  embedded  parts, 

3,  Service  gate-sills,  guides,  stop  logs,  racks  and  hoists, 

4,  Ice  gates  and  stop  logs, 

5,  Cranes 

59,      FEATURE  KO.   25  -  MIKOR  DIKES,   CANADIAN  SIDE,-     a.      Description 
and  Purpose,-     t'our  minor  dikes  on  the   Canadian  side  de s ignated  as  the 
Bergen  ^ake    Like  No,   1,  Moulinette  Dikes  Nos,   1  and   2,  and  the  Mille  Roch- 
es  Dike  are   required  at  points  north  of  Bergen  Lake  to  retain  the   pool. 
These   dikes  v\ ere  proposed   xmder  the   Original   238-242  Plan,  and   as  no  nev? 
studies   have  been  made,   the  locations  were  not  changed,      fcixploration  at 
the   sites   consisted   of  geological  reconnaissance   only.      The  proposed  lo- 
cations  are   shown  on  Plate  M-1,     Quantity  and  cost  estimates  were  made 
for  the  dikes,  assvuning  the   sections  to  be   similar   to  those   shown  on 
Drawing  EF-l-20/l  in  Appendix  111-24(1)   for  the  Bamhart  Island  powerhouse 
south  forebay  dike.     Before  the  locations  can  be  definitely  established 
and  the  dikes  designed,  surveys  must  be  made  at  each  dike  site  and  the 
exploration  recommended  \mder   "Subsurface    Investigations   and  Earthwork 
Design  for  the   CorEwall   Canal  Relocation"  in  Appendix  111-0(5)    completed. 
The  coot   of  the   additional    surveying,  exploration  and  engineering   is  es- 
timated at   ■^.2,500,      These   dikes  do  not   require  completion  before   the 
end  of  the   second    stage   of   const ruotion,   and  have  therefore  been  given 
P-2  priority.     The   lack  of  detailed  plans  for  this  feature  will  not  in- 
terfere with  the  work  schedule, 

b.      Estimated  Cost.-     The  estimated  cost  of  this  feature  is 
given  below:     ——————— 

Quantity  Unit 

Designation  (Cu.   Yds,)  Prioe  Amount 

Qnbankinent                       105,400  ,62                $65,348 

Riprap                                  29,000  1,50                  43,500 

Backing                              14,400  1,75                  25,200 

Stripping                         15,500  .35                    5,425 

Contract  Cost  |139,473 
Engineering  and  Contingencies 

(about   25^)  35,527 

Total  Cost  .*175,000 
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60.   FEATURE  NO.  26  w  nm   CORNWALL  CMAL  DIKE  AMD  DRAIKAGE  DITCH»- 
a.   Description  and  Purpose.*   A  dike,  designated  as  the  Nefw  Coniwall 
"Caral  Dike,  is  necessary  to  retain  the  pool  between  the  proposed  new 
Cornwall  Canal  Lock  and  a  point  approximately  l/z  mile  north  of  Mille 
Roches,   The  proposed  alignment  is  shown  on  Plate  M-1.   A  drainage  ditch 
to  divert  Robertson  Creek  to  a  point  below  the  proposed  now  Cornwall  Can- 
al Lock  is  required  because  the  Kew  Cornwall  Canal  Dike  will  obstruct  th« 
natural  drainage  course.   For  reasons  set  forth  in  paragraph  34c(ll)t  P-2 
priority  has  been  assigned, 

b.   Treatment  under  the  Original  238-242  Plan,-  The  Original 
238-242  Plain  included  a  similar  .dike  for  the  same  purpose,  but  the  loca- 
tion as  now  proposed  has  been  changed  to  correspond  to  the  new  lobatlon 
of  the  powerhouse  and  to  the  change  in  plans  regarding  the  location  of 
the  new  Cornwall  Canal  as  discussed  under  Feature  No,  27, 

o.  Additional  Data  Secured,-  Considerable  drilling  and  prob- 
ing was  made  along  the  alignment  of  the  proposed  New  Cornwall  Canal  Dike, 
particularly  in  the  vicinity  of  the  proposed  new  lock,  Robertson  Creek, 
emd  in  the  valleys  near  the  west  end  of  the  dike.    The  location,  extent 
and  records  of  all  explorations  are  shown  in  Appendix  111-0(3),   A  dis- 
cussion of  the  foundation  investigations  and  soil  studies  made  to  date 
and  recorrmendations  for  future  field  explorations,  laboratory  investi- 
gations and  design  studies  are  also  described  in  the  same  Appendix, 

d.  Discussion,-  Certain  sections  of  the  dike  will  be  con- 
structed on  clay  areas.   These  sections  were  designed  with  slopes  of  1 
on  10,  except  at  the  Robertson  Creek  crossing  where  slopes  of  1  on  20 
were  assumed.   The  sections  on  firm  material  were  designed  with  slopes 
similar  to  those  shown  on  Drawing  BP-l-20/l  in  Appendix  III-24(l),   Earth 
materials  for  the  dike  can  be  obtained  from  the  Cornwall  Canal  and  Look 
excavation,  and  from  borrow  areas.   It  will  be  necessary  to  borrow  all 
sand  and  gravel  filter  material  and  practically  all  rook  for  heavy  rip- 
rap.  Light  riprap  can  probably  be  obtained  from  the  earth  embankment 
material, 

e.  Present  Status  of  Plans,-  Plans  and  specifications  for  the 
dike  and  d"rainage  ditch  have  not  been  prepared,  but  estimates  of  quantity 
and  cost  for  the  dike  were  made.  Before  the  location  can  be  definitely 
established  and  the  dike  designed,  surveys-  should  be  completed  at  the 
dike  site  and  the  future  explorations,  investigations,  and  studies  re- 
oonimended  in  Appendix  111-0(3)  carried  out, 

f.  Estimated  Cost  and  Time  Required  to  Complete  Plans,-  It  is 
estimated  That  the  time  required  to  complete  the  surveys  and  the  recommen- 
ded additional  investigations  of  these  dikes  will  be  alaout  three  months. 
The  cost  of  the  additional  subsurface  exploration,  surveying,  and  engin- 
eering is  estimated  at  $7,600.   Completion  of  the  New  Cornwall  Canal  Dike 
and  drainage  ditch  is  contemplated  by  the  end  of  the  first  construction 
period,  when  the  New  Cornwall  Lock  will  also  be  completed.   The  present 
lack  of  detailed  plans  for  this  phase  will  not  interfere  with  the  work 
schedule, 

g.  Estimated  Cost,-   The  estimated  cost  is  based  on  the  total 
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cost  of  Caradian  dikes  as  taken  from  the  Engineering  Estimate  of  June 
1941,  less  the  estimated  cost  of  Bergen,  Moulinette,  and  Mllle  Roches 
Dikes  (Feature  No,  25), 

Cost  of  All  Canadian  Dikes,  from  Estimate 

of  June  1941  ^3,128,070 

Deduct  Contract  Cost   of  Feature  No.    25  159,473 

Contract  Cost  of  Feature  No.   26  2,988,597 

Engineering  and   Contingencies   (about  25^  746,403 

Total   Cost  $3,735,000 

61.      FEATURE  No*^'^  -  RELOCATION  OF  COiaTALL  CANAL.-     a.      Descript» 
ion  and  Purpose,-     This  item  is  necessary  In  order  to  continue  existing 
14-foot  navigation  during  the   later  stages   of  construction  of  the  Barn- 
hart  Island  Powerhouse  and  to  provide  a  ^waterway  to  the  existing  dock- 
age areas  at  Coniwall,  Ontario,  after  the  completion  of  the   proposed  St, 
Lawrence  River  project.     It  is  proposed  to   relocate  a  section  of  the 
existing  Cornwall  Canal  betrveen  Lock  19  and   Lock  20  and   to  construct  a 
new   lock  and  guard  gate  ;.dapted  to  the  new  water  level.      For  reasons 
set  forth  In  paragraph  34b (13),  P-1  priority  has  been  assigned. 

b.     Treatment   under  the  Original    238-242  Plan.-     The  Original 
238-242  pTan  included  a  new  canal  to  replace  that  portion  of  the  exist- 
ing canal  within  the   limits   of  the   proposed  site  of  the  powerhouse,  and  a 
flight  of  two  locks  and  a  guard  gate  between  the  new  upper  pool,  maximum 
elevation  249.0  and  the  existirg   lower  pool  at   elevation  192,5.      The  new 
canal  as   originally  planned   started  at  the  foot   of  flergec  Lake  immediately 
south  of  Mille  Roches   (Traisverse  Meroator  coordinates  approximately 
N  1,831,300,      E  372,200)  and   ran  about   3,200  feet  approximately  S   86°   30» 
S|   thence  around  a  curve;   and  tVe  noe  approxir.ately   S  52®  00'    E,  for  about 
9,300  feet  to  a  connection  with  the   existing  canal  at   a   point   about   2,400 
feet   upstream  of  Lock  19   (Transverse  Mercator  coordinates  approximately 
N  1,826,330,      E  383,790).      The  total  length  of  new  canal  was   approximately 
12,500  feet.      The   locks  and  guf.rd  gate  vere  planned  to  be  joined  by  a   dike 
along  tte    river  side   of  the   canal   crossing  Robertson* s   Creek  and  creating 
a  pond  of  considerable   size  in  the  creek  valley. 

c.      Discussion,-      (1)      Subsurface  exploration  disclosed   that   the 
area  for  a~distance    of  atout   900  feet   on  both  sides   of  Robertson's  Creek 
has   an  overburden  of  marine    clay  varying   in  depth  fron  30  to  50  feet. 
This   cley  deposit   extends  northward  to   the   Canadian  Natione.l   Railway  where 
it   is   about    20  feet   deep.      Therefore,    foundation  conditions   in  the   sect- 
ion between  the   guard  gate  and    the    lock  would  be  very  unsatisfactory,     A 
dike   of  approximately  60-foot  height   constructed  on  a  50-foot  depth  of 
soft  cley  T?ould  probably  require  side   slopes   of  1  on  20,  which  would  be 
undesirable   as  well  as   costly.     A  concrete  wall  across  Robertson's   Creek, 
in   lieu  of  the    earth  dike,   or  founding  the   dike  on  firm  material  by  re- 
moval  of  t}e  clay,  would  be   still  more   costly.      Further  study   disclosed 
that  under  the   Original    238-242  Plan,  a   diversion  canal  would  be  needed 
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in  order  to  maintain  14-foot  navigation  during  construction  of  the   pov/er- 
house.     The  greater  part  of  this   diversion  canal  could  bo  located  along 
the  center  line  of  the  new  canal  so  as  to  become  a  part  of  the  permanent 
installation.     With  the   powerhouse   in  the  new   location  now  proposed, 
the  existing   canal  will  not  be   obstructed  during  construction  of   the  pow- 
erhouse, and  the  temporary  diversion  canal  will  not  be  required, 

(2)     Because   of  the  unfavorable   foundation  conditions  encount- 
ered under  the  original  plan  and  the  fact  that  construction  of  the  power- 
house in  the  new   location  will  not  interrupt  navigation  in  the  existing 
Cornwall  Canal  during  the  early  stages   of  construction,  a  revision  in 
the  alignment  of  the  new  canal   is  proposed  as   follows: 

Beginning  at  a  point  (Transverse  Mercator  coordinates, 
N  1,828,500,  E  379,230)  about  1,500  feet  downstream  from 
Look  20,  and  running  approximately  5,058  feet,  S  64°  33'   E, 
to  a  point   in  the  present  Cornwall .Canal   (Transverse  Merca- 
tor coordinates,  N  1,826,330,   E  383,799)    located  approximately 
1,600  feet  upstream  of  Lock  19,      See   Drawing  BP-1-1/1,  Appen- 
dix 111-24(1). 

The  total   length  of  reconstructed  canal  under  this  plan  is  about  5,058 
feet  as  compared  to   12,500  feet  under  the  original  plan.     Additional  stu- 
dies indicate  that   it  will  be  advantageous  end  more  economical   to  com- 
bine the  lock  and  guard  gate  into  a  single   structure  and  use  sector  gates 
in  the  guard  gate.     The  tentative   location  of  the  lock  is   such  as  to  pro- 
vide the  most   suitable  alignment   of  the  north  forebay  dike  between  the 
powerhouse  and   guard  gate  wall,  and  from  the  opposite  guard  gate  wall 
toward  the  Canadian  National  Railway.      This   location  avoids  the  deep 
eiay  area  at  Robertson's   Creek  and  at  the  lower  end  of  the  proposed  new 
lock* 

(3)     As  recommended  in  Appendix  111-0(3),  final  design 
has  not  been  xandertaken  pending  completion  of  foundation  investigations 
and  soil  analyses  along  the   route   of  the  proposed  new  canal.     Prelimin- 
ary study  indicated  that  side   slopes   of  1  on  2  will  probably  be  satis- 
factory for  the  new  canal,  except  '^here  marine  clay  is  encountered.      After 
determining  the  sheariig   strength  of  the  clay,  analysis  should  be  made 
to  determine  the    side  slopes.      The  bottom  width  of  the  canal  will  be  90 
feet, 

d.      Additional  Work  Required  to  Complete  Plans. »     The    following 
additioreTl  work  is  reoommendedt 

(1)  Further  investigation  and   studies   of  foundation  con- 
ditions, and  further  search  for  suitable  materials;    reconmended  addition- 
al subsurface   investigations  are  outlined  in  Appendix  111-0(3), 

(2)  Layout  of  the  center  line  of  the  proposed  relocated  ca- 
nal in  accordance  with  Transverse  Mercator  coordinate  system, 

(3)  Preparation  of  complete  plans  and  specifications  for 
ooial* 
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e.      Estimated  Cost   m d   Time  Required   To  Complete  Plans,*     The 
time  required  to   complete  the  additiom  1  work  listed  atove   is  estimated 
at  6  weeks   and  the  cost  at  $5,000, 

fj.     Estimated  Cost,-       A  summary  of  the  estimated  cost  is  giv- 
en belowi     "" 

Quantity  Unit 

Designation  (Cu,   Yds.)  Price  Amount 


Excavation                    696,000                    ,50  | 348 ,000 

Contract  Cost  $348,000 

Engineering  and  Contingencies  (about   25^)  87,000 

Total   Cost  $435,000 

62,      FEATURE  KO.    28   -  VW  COWNALL  LOCK,  GUARD  GATE,   AND  PART  OF 
ATTACBED  DIKES,-       a.      Description  and  Purpose,-       The  items  ntuned  are 
required  to  provide''for  14-foot  navigation  via  the   relocated  Cornwall 
Canal  dviring  the  construction  period   and  after  creation  of  the  pool  to 
elevation  238,      Ihe   lock  will  be  adapted  to  the  new  water  levels  and 
will   replace  the   existing  Lock  20,  which  will  be  submerged,      the  propos- 
ed lock  will  be   of  a  single  lift  type  with  integral   sector  guard  gates 
founded  on  bedrock.     No  drawings  have  been  prepared.      For  reasons   set 
forth  in  paragraph  34b(13),  P-1  priority  has  been  assigned, 

b,  Treatmenb   under  the  Original   238-242  Plan,-     The  Original 
238-242  pTan   included  a  flight  of  two   locks  and  a   separate  guard  gate 
between  *-he  new  upper  pool,  maximtni  elevation  249,  and   the  existmg 
lower  pool,  elevation   192,5.      Approximate   location  of  the  guard  gate 
structure  by  Transverse  t-ercalor  coordinates  was,  N  1,830,000,  ?  378,570, 
Location  of  the   lock  was  approximately,  N  1,828,760,  E  380, 110,     Under 
this  plan  the   guard  gate  would  be  located  about   1,000  feet  above  Robert- 
son's  Creek  while  the   lock  would  be  placed  about  the  same   distance  be- 
low the  creek, 

c.  Discussion,-       (1)     In  view  of  the  unsatisfactory  founda- 
tion  condTtions   in  the  vicinity  of  Robertson's  Creek,  and  relocation 
of   the   powerhouse  as   discussed   in  paragraph  61o,  a   change   in   the   loca- 
tion of  the  lock  and  ^uard  gate  was  considered  advisable.     Further 
study  inciicated  that  the  use   of  sector  instead   of  miter  gates  will  ren- 
der an  integral   look  and  gate   structure  advantageous  and  more  ec<momi- 
oal.      It   is   proposed  to   locate  the   lock  so  as   to  provide   the  most   satis- 
factory alignment   of  the   north  forebay  dike.     The  proposed   location 
avoids   the   deep  clay  area  at  Robertson's   Creek  and  at  the   lower  end   of 
the   lock.      Since  the    lock   and   guard  gate  will   be   required  to   operate 
tbe  present  system  prior  to  the   third  stage  of  project  construction,   it 
is   necessary  that  the   sills  for  the   upper  lock  gate   and  the   guard  gate 
be   set  ft  an  elevation  much   lower  than  that  required  after  creation 

of  the  fiial  pool.  This  can  be  accomplished  most  economically  by  in- 
stallatior  of  upper  lock  gates  divided  horizontally  so  that  the  lower 
seotior   could  be    kept  closed  after  the  pool  is   raised  to  final   level, 
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and  subsequently  could  be  replaced  id  th  a  permanent  concrete  sill.      The 
sill  and  gate   of  the  guard  gate  structure  could  be   omitted  until  the  pool 
is   raised, 

(2)     A  study  was  made  of  the  locking  time   in  the  locks   of 
the   Cornwall  Canal,      The  records  available  show  the   time  of   locking  each 
boat  ,  from  the  time  that  the  bow  enters  to  the  time  that   the  stern  leaves 
the   lock.      The    locking  time  varies  generally  from  12    to  60  minutes,  with 
occasional   instances   of  much  longer  periods  due  to  lay-overs  or  accidents. 
Locks   15  and  17  require  the    longest  period,  being  about   equal   for  up- 
bound  boats,  but  with  Lock  17  requiring  a  much  longer  period  for  down- 
bound  boats.     The   overall  average  for  Look  17,  the  highest  for   the   sys- 
tem, is  aboi*    30  minutes.     Due  to  the  large  ntonber  of  records  available, 
the  periods  were  determined  by  inspection;  the  minimiaa  and  maximum  tim6 
for  up  and  downbound  boats  being  listed  for  each  of  eight  representatives 
pages  of  the   1938  record.     Unusually  high  values  which  were  apparently 
due  to  lay-overs   or  accident,   or  which  were   out   of  proportion,  were  not 
listed.     The  following  tabulation  shows   the  average  locking   time. 


Lock  No, 


15 


17 


18 


19 


20 


21 


UP-] 

30UND  NAVIGATION 

Time  Rai^e   (Minutes) 

12- 

44 

12. 

-43 

9-35 

8-30 

7-20 

5-20 

Average  Minimum 

14 

14 

11 

10 

10 

8 

Average  Maximum 

36 

38 

31 

25 

20 

20 

Average 

25 

26 

21 

18 

15 

14 

Dm-'N-BOUND  NAVIGATION 

■ 

Time  Range  (Minutes) 

12- 

41 

Il- 

•68 

9-35 

8-30 

7-36 

5-38 

Average  Minimum 

12 

ls 

11 

11 

9 

7 

Average  Maximum 

33 

62 

23 

19 

30 

25 

Average 

23 

34 

17 

15 

20 

16 

BOTH 

DIRECTIONS 

Average  Minimum 

13 

15 

11 

11 

10 

8 

Average  Maximum 

35 

45 

27 

22 

25 

23 

Average 

24 

30 

19 

17 

18 

15 

The   reason  for  the  longer  period  required  for  down-bo\md  vessels  through 
Lock  17  is  apparently  the  narrow  width  of  the   look,  which  is   only  43  feet, 
8   inches,    or  1  foot,  4  inches  less  than  that  of  any  other  lock  from  Mon- 
treal to  Ogdensburg,      The  design  of  the  new  lock  should  be   suoh  that  the 
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lockiEg  time  vrill  not  ba  greater  than  that  of  the  existing  looks,  in  or- 
der that  the  time  of  travel  through  the  canal  will  not  be  increased, 

£•   Present  Status  of  Flans.-  Final  design  has  not  been  made 
pending  completion  of  recommended  foundation  investigation  of  the  new 
site.   Based  on  one  drill  hole  at  the  center  line  of  pintles,  the  rock 
surface  has  been  tentatively  established  at  elevation  132,  For  report 
of  field  exploration  see  Appendix  III-0(3),   The  additional  investiga- 
tions and  surveys  listed  below  should  be  m?,de  before  final  design  of 
the  lock  and  guard  gate  is  undertaken, 

(1)  Layout  of  center  line  of  the  proposed  lock  in  accord- 
ance with  the  Transverse  Meroator  system  of  cocordinates, 

(2)  Additional  subsurface  investigations  recommended  in 
Appendix  111-0(3), 

e.  Estimated  Cost  and  Time  Required  to  Corplete  Plans,-  The 
time  requiTed  to  complete  the  preliminary  work  listed  above  and  prepare 
the  plans  is  estimated  at  12  weeks,  and  the  cost  at  |20,000,   During 
this  period  excavation  for  the  canal  could  proceed,  and  the  work  sched- 
ule need  not  be  delayed, 

f.  Estimated  Cost,-  A  s\ammary  of  estimated  cost  is  given 
below,  A  more  detailed  estimate  is  contained  in  Appendix  111-0(3). 

Cornwall  Canal  Lock  and  Guard  Gate  Structures   $5,374,426 
Dikes  427,000 

Contract  Cost  f5,601,4<:^5 

Engineering  and  Contingencies  (about  21^^)       1,218,575 

17,020,000 

63.      FEATURE  NO.    29  -  RAILWAY  AND  BIGHTAY  TO  BAPKHART  ISLAND  PaTER* 
HOUSE  FROM  CANADIAN  SIDE,*"     al      Description  and  Purpose.-     The   Canadian 
end  of  the  proposed  powerhousT  is   located  on  a  narrow  strip  of  land 
between  the  North  Channel  of  the  St.   Lawrence  River  and  the  Cornwall 
Canal,     At  present  there  are  no  connections  to  the  powerhouse   site  from 
the  Canadian  mainland,  except  by  foot  over  the  canal   lock  getes.     This 
work  comprises  proposed  railroad  connectioois  from  the  Canadian  National 
Railway  and  from  the  Ottawa  Branch  of  the  New  York  Central  Railroad, 
and  highway  connection  from  Kings  Highway  No,    2  to  the  Barnhart  Island 
powerhouse,     A  combined  highway   and    railway   bridge   crossing  Lock  19  is 
included.     The  highway  will  connect  with  Kings  Highway  No.   2  immediate- 
ly north  of  Lock  19,  and  the  railroad  will  connect  with   the  Canadian 
National  Railway  and  the  Ottawa  Branch   of  the  New  York  Central  Railroad 
near   their  intersection,  about  1,5  miles  northeast  of  Lock  19,      The  pro- 
posed facilities  can  also  be  used  during  the   construction  period.     For 
reasons   set  forth  in  paragraph  34a,  P-0  priority  has  been  assigned. 

b.      Treatment  Under  the  Original   238-242  Plan.-     The    Original 
238-242  11  an   included  a  railroad   spur  from  the  Canadian  "Rational   Railway 
at  a  point   approximately  1/4   of   a  mile  west   of  the    crossing   of  the   Otta- 
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wa  Branch  of  the  New  York  Central   Railroad  to  the  Caoadian  powerhouse. 
It  was  probably  intended   that  the   spur  would  also  be  available  during 
oonstruotion.      No  details   of  the  plan  are  available, 

c«      Discussion,     Any  plan  involving  crossing  of  the   present 
Cornwall  Canal  by  a  low-ievel  fixed  bridge   or  on  a  fill,   is  unacceptable 
since   traffic  must  be  maintained  on  the  canal  during  the  construction 
period,     a  drawbrtdge  at  the   site  shown  on  the  Original  238-242  Plan 
would  bo   expensive  and  its   construction  would  probably  involve   serious 
interferences  with  navigation,     A  high-level  bridge  would    involve  pro- 
hibitive  grades.      Consideration  was   given  to  passing  the  access   road 
and, railroad  through  a  tunnel  under  the  canal  at  approximately  the   site 
indicated   in  the  238-242  Plan,      This  could  be  built  by  out-and-cover 
methods  during  the  first  winter  season  of  the  construction  period,     it 
would  give  a  complete   separation  of  canal  and  land  traffic.      The   only 
good  alternate  is   a  drawbridge  crossing  at  Lock  19,      A  drawbridge   at 
this  site  will  be  much  shorter  and  cheaper  than  one  crossing  the   canal 
prism.     It  will  cause  less   interruption  of  canal  traffic  because  of 
its  location  at  a  lock  v^ere  all  vessels  necessarily  stop.      The   largest 
items   of  land  traffic  at  this  crossing  will  be  cement  and  concrete  aggre- 
gate for  the  powerhouse   and  it   is  proposed  that   they  be  handled  by  a 
high-level  belt   conveyor  or  tramway  which  will  not  interfere  with  navi- 
gation.    It   is  believed  that   the  density  of  the   remaining   land  traffic 
will  not  be   so   great  that   the  presence  of  a  drawbridge  would   be   intoler- 
able,    A  bobtail  swing  bridge  at  Look  19  will  not  require  any  work  to 
be   done  in  the  canal   itself  and  there  will  be  no  interference  with  navi- 
gation during  its   construction.      The  fact  that  the  bridge  will  be  much 
cheaper  than  the  tunnel  and  that  it  will  be  free  from  the  expense  and 
difficulty  connected  with  drainage  and  snow  removal  in  the  tunnel  soheifte 
resulted   in  its  adoption, 

d«     Recommended  Plan,-     Under  the  proposed  plan  the  total  length 
of  railroa'd  from  the   Canadian  and  of  the  powerhouse  to  the  junction 
with  the   Canadian  National   Railway  and   the  Ottawa  Branch  of  the  New  York 
Central  Railroad  is  approximately  three  miles.      The   length  of  the  high- 
way from  the  powerhouse  to  Kings  Highway  No, 2  is  about  0,9  mile.     The 
railroad  and  highway  can,  during  the  construction,  be  extended  across 
the  downstream  powerhouse   cofferdam  to  Samhart  Island   and  the  United 
States  portion  of  the   powerhouse,   increasing  the   length  of  each  by  1,25 
miles.     The  portion  of  the   railroad  and  highway  between  the   powerhouse 
and  Lock  19  will  be   on  the   existing  earth  fill  along  the  river  side  of 
the  present  canal ,  50  feet  wide  at   the  top  with  side   slopes   of  1  on  1^, 
The  minimum  elevation  of  top  of  fill  is   200,  and   the  river  side  up  to 
elevation  190  is  protected  with  1  foot   of  sand  and  gravel  and    2  feet 
of  riprap.        The  top  width  of  50  feet  will  provide   16  feet  for   the  rail- 
road  on  the  river  side  and   34  feet  for  the   22-foot  paved  road  with  6- 
foot   shoulders   on  the  canal    side,      A  15  degree  curve  is  proposed  for 
the  railroad   at   the  river  side   of  the  lock  for  the  purpose   of  keeping 
the  embankmert   from  encroaching  on  the   river,      A  bobtail,  through  truss, 
swing   span  is  proposed  for  crossing  the  canal  proper  and  a  fixed,   simple, 
through  truss   span  for  the  weir  section  located  landward  of  the   look, 
with  an    earth  fill  between  the  two  bridges,     Thewidth  of  the   roadway 
will  be  reduced  to  20  feet  at  the    crossing  aa  d   the   railroad  track 
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will  follow  the  center  line   of  the  road*     A  portion  of  the  existir^   lock 
wall  rill  be  removed  and  the  pivot  pier  of  the   swing  bridge  built  in 
that    space*      The  entire  structure  will  be  supported  on  pile  fovindation^ 
The  span  across  the  weir  section  will  be   supported  on  piles  at  the  banks 
of  the   canal*     The  abandoned  lock  between  the  two  bridges  will  be   filled. 
The  roadway  will  then  gradually  widen  to  fifty  feet,  and  provide  two  11- 
foot  paved  roadways  with  6-foot   shoulders,    separated  by  a   16-foot  strip 
for  the  railroad*     A  orossover  strip  is  provided  for  the   two  traffic 
lanes  at  the  junction  with  Kings  Highway  No, 2,     The  available  width 
across  the  downstresm   powerhouse   cofferdam  to  Bamhart  Island  is   limited 
to  thirty  feet  by  the  top  width  of  -the  dike*     It  will,  therefore,  be  ne- 
cessary to  include  the   railroad  tracks  within  the  highway  pavement*     A 
right-of-way  for  highway  and   railroad  between  the   Canadian  powerhouse 
and   cofferdam  "B"  (located  about   2,600  feet  upstream  from  the  powerhouse) 
will  be  provided  for  access  to  Barnhart  Island,  if  desired,  in  connection 
with  construction  of  Long  Sault   Dam* 

e.  Present  Status  of  Plans,-       Detailed  plans  for  this  feature 
have  not  be*en  prepared.      The   layout   of  the  railroad  and  highway  between 
the  powerhouse  and  Lock  19  was  based  on  a  plane-table  suz*vey  by  this 
office   dated  January   1942,  and  plotted  to  the   scale  of  1"  S  200« ,     The 
portion  between  Lock  19  and  the  Junction  of  the  Canadian  Bational  Rail- 
way and  the  Ottawa  Branch  of  the  New   York  Central  Railroad  was  based  on 

a  survey  by  the   Department  of  Transport,  Canada,  entitled   "Plan  of  Cana- 
dian Shore  -  Foot  of   Sheek  Island   to    Cornwall",   dated  October  12,  1941 
(scale   1"  ■  200*),      The   coordinates  for  the  center  line  of  pivot  of  the 
swing  bridge  were   scaled  frcan  the  map.     Preliminary  plans  and  profiles 
for  this   feature   are  contained  in  Appendix  111-0(1),     A  detailed  survey 
should  be  made  along  the  proposed  center  line  of  railroad,  and  cross 
sections   taken  for  quantity  estimates,     A  detailed  survey  of  Lock  19  is 
also  necessary.      This   lock  end  the  intersection  of  the  Canadian  Nation- 
al Railway  and   the  Ottawa  Branch  of  the  New  York  Central  Railroad  should 
be   coordinated  with  the  Transverse  Meroator  system.     Subsurface  investi- 
gations  should  be  made  at   sites  of  bridge  piers  and  abutments,  and  fill 
sections  along  the  canal,      Cozstruoti^n  plans  and    specifications   should 
be  prepared,   including  detail  drawings  of  the  junction  of  the  conneoticg 
railroad  and  highway  with   the  existing  railroads  and  highway.      Contract 
drawings  for  both  bridges  will  be  required* 

f.  Estimated  Cost  and  Time  Required  to  Complete  Plans,-  The 
time  required  to  complete  the  preliminary  Tfork  and  prepare  the  plans  is 
estim&ted  at  eight  weeks,   and  the    cost  at   $5,000, 

g.  Estimated  Cost,-     The   estimated  cost,  whioh  is  included 
in  Feature~No,   24,   is   given  below,     A  more  detailed  estimate    is  contain- 
ed in  Appendix  111-0(3), 

(1)     Railway  and  Highway  to   Canadian  Powerhouse 

Contract  Cost  |170,300 

Engineering  and  Contingencies   (about   18^)     30,700 

Total    Cost  $201,000 

(continued) 
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(2)  Bridges  ^^^'  ^^*       ♦201.000 

Contract  Cost  $303,378 

Engineering  and  Contingencies   (about  21%)       63,622 

Total  Cost  367,000 

Grarri   Totel  $568,000 

64.      FEATURE  NO.    30  .  RELOCATION  OF   CAUADIAN  KATIONAL  RAimAY.* 
a*      Description  and  Purpose,-     The  Canadian  National  Railnyay  is   one   of 
The  principal  transcontinental  railroads  in  Canada,     The  double  track 
main  line  which    runs  along  the   St,  Lawrence   River  throughout  the   Inter- 
national Rapids  Section  will  be  flooded  by  the  pool,  from  a  point  immedi- 
ately west   of  Iroquois,  Ontario,  to  a  point  immediately  east    of  Mille 
Roches,      The   line  will  be  relocated  at   higher  elevation  about  ^  to  1 
mile  north  of  the  present   location,  as   shown  on  Plate  M-l,     The  work  will 
involve  the  reconstruction  of  approximately  23  miles  of  first-class, 
double  track  railroad   with  all  appurtenances,   including  three  bridges. 
For  reasons   set  forth  in  paragraph  34o(7),  P-2  priority  has  been  assigned, 

b.      Treatment  under  the  Original   238-242  Plan,-     The  Original 
238-242  Plan  includec!  the  foregoing  relocation  of  this   railroad.     At  the 
request   of  the  Canadian  Government,  no  further  studies   or  plans  have  been 
made  by  this  District, 

c«     Estimated  Cost,-     No  new  estimates   of  cost  have  been  pre- 
pared,    ThT  estimated  cost  as  set  up  in  the  Engineering  Report  of  January 
1941  is   shown  below. 

Contract  Cost,  from   report  of  January  1941         $2,750,000 

Engineering  and  Contingencies   (about  259^)  688,000 

Total   Cost  §3,438,000 

66.     FEATURE  NO.    31   -  RELOCATION  OF  KINGS  HIGHffAY  NO.    2,-     a,      De- 
scription  and  Purpose,-       Kings  Highway  No,    2,  a  20-foot  improvecT  highway 
is   one  of  the  principal   roads   of  Canada,      It  parallels  the  St.   Lawrence 
River  throughout  the  International  Rapids  Section  and   will  be  flooded 
by  the  pool  from  a  point  approximately  1^  miles  west   of   Iroquois,  Ontar- 
lOf  to  a  point  near  the  proposed  new  lock  in  the  Cornwall  Canal,  approxi- 
mately 1^  miles  west   of   Cornwall,  a  distance  of  26  miles.     The  highway 
will  be   relocated  at  /dgher  elevation  fr<an  ^  to  2  miles  north  of  the  pre- 
sent location  and  will  follow  generally  the  relocated  Canadian  National 
Railway  (Feature  No,    30),     The  work  will  involve  acquisition  of  the  ne- 
cessaxy  right-of-way  and  the  reconstruction  of  approximately  26  miles  of 
first-class  highway  with  all  appurtenances,   including  three  bridges.     For 
reasons   set  forth  in  paragraph  34o(7),  P-2  priority  has  been  assigned* 

b.  Treatment  under  the  Original  238-242  Plaa  .-     The  relocation 
of  this   higViway  was   included   in  the  Original   238-242  Plan,     At  the   request 
of  the  Canadian  Government,  no  further  studies   or  plans   have  been  made 

by  this   District, 

c.  Estimated  Cost,-     The  estimated  cost   as  taken  from  the 
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Engineering  Report  of  January  1941,  is  given  below* 

Contract  Cost,  from  report  of  January  1941  $1,700,000 

Engineering  and  Contingencies   (about  25^)  425,000 

Total    Cost  ?iJ, 125,000 


66.      FEATURE  KO.    32  -  CPAMEL  IMPROVEMEKTS  BEIXyr  BARRHART  ISLAND 
PO^REOPSE»-     a.      Description  and  Purpose,*     The  river  channel  below 
the  powerhouse  will  be   improved  by  excavation  in  the   powerhouse   tailraoe 
area  and   removal    of  the   Crab  Island   Shoal   inmediately  downstream  there- 
from.     This  work  will  provide  greater  discharge  capacity,   thus  lowering 
the  tailwater  elevation  at  the   powerhouse  and  providing  additional  head 
for  power.      Tlie  quantity  of  excavation  will  be  governed  by  the  cost  of 
the  work  as  compared  with  the  value  of  the  additional  power.      This   fea- 
ture has  been  assigned  D  (delayed)   priority.      Its  completion  will  not 
be   required  until  the  final  generator  unit  has  been  installed  and  the 
output  of  the  pCTwerhouse  is   approaching  its  ultimate   capacity.     Beginn- 
ing of  the  work  oan  be  deferred  until  the  entire   project  is  substantial- 
ly completed,  without  interference  with  the  work  schedule, 

b.  Treatment   under  the   Original  238-242  Plan.»  The  Original 
238-242  Plan  provided  for  excavating  the  powerhouse  tailrace  and  the 
river  bed  downstream   therefrom,  as   shown  on  Plate  M-ll,  to  grade  eleva- 
tion 127,      The  area  immediately  below  the  powerhouse  in  the  tailraoe  was 
included  with  the   powerhouse  excavation.      The  area  downstream  from  the 
tailrace,  designated  as  the  Crab  Island   Shoal,   included  an  estimated 
1,46  2,930  cubic  yards  of  dredging, 

c.  Additional  Data  Secured,*       Soundings  made  by  the  United 
States  Lake""Survey  in   1939-1940  indicate  that  the  river  bed  is,  in  gen- 
eral, from  one   to  three  feet  higher  than  previously  shown.     Therefore, 
the  quantity  of  material  to  be  removed  will  be  considerably  greater  than 
previously  estimated, 

d.  Status   of  Present  Flans,-     Since  work  will  be  deferred 
until  the  end   of  construction  of  the  entire  project,  no  study  of  this 
problem  has  been  made.      The   feature  has  been  extended  to  incl'xJe  the 
powerhovs e  tailrace  outside  the   cofferdams,  making  the  total  estimated 
quantity  of  work  about   1,900,000  cubic  yards.     However,   it  will  be 
necessarjr^   due  to  the  recent   soundings,  to  make  a  revised  study  of  both 
the  hydraulic  and   economic  aspects   of  the  feature.      Subsurface  investiga- 
tions  should  be  made  to  determine  the  character  of  materials   to  be  exca- 
vated.     In  addition  the  hydraulic  model  tests  planned  for  the   river  be- 
low Long  Sault  Dam  to   the  foot   of  Cornwall  Island  should    inclxxie  a  check 
of  the  hydraulic   computations   for  this   item, 

e.      Estimated  Time  Required  to  Complete  Plans,  -     The   afore- 
mentioned TTydraulio  and  economic   studies  will   require  about  three  months. 
Subsurface   investigations  will  be   limited  to  obtaining   only   sufficient 
data  to  insure  against  inclusion  of  rook  excavation,  requiring  the   ser- 
vices of  one  probing  rig  and   one    seismic  crew  for  about    one  month.     Model 
tests  T'ill  be   included  with  those   of  the  Cornwall   Island  North  and  South 
Channels   (a  high  priority  feature)  and  will  be  completed  in  ample  time 
for  use   in  the    study, 
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f.      Estimated  Cost  of  Feature  No«32»»     The   cost,   including  the 
investigations  and  engineering,  is   included  in  Feature  No«   24,     It  is 
as  followst 

Contract  Cost  $1,929,380 

Engineering  and  Contingencies   (about  259$)  482,620 

Total   Cost  $2,412,000 

67,      FEATURE  NO.    53  -  IMPROVEMENT  IK  SOUTH  CHAUNEL  BELOIf  VIIE 
107, 4»»  a,     Desci'JLption  and  Purpose,-       This   item  comprises  the  channel 
improvement  work  south  of  Cornwall  "island.  Mile  107,4  to  Mile  114.0, 
including  the  dredging  at  the  mouth  of  Grass  River  but  excluding  the 
approach  to  Grass  River  Look,     The   improvement  of  the  South  Channel  be- 
tween Cornwall  Island  and  the  United  States  mainland,  to  deep  water  in 
Lake  St,   Francis,  is  necessary  for  deep  draft  navigation  and  will  also 
benefit  power  production  by  lowering  the   tailwater  at   the  Bamhart  Is- 
land powerhouse.     This  improvement  is  interrelated  with  the  Cornwall 
(North)   Channel  enlargement  described  under  Feature  No,   34.      The   out- 
lines of  the  proposed  improvements  are   shown  on  Drawing  CC-R-l/l,  Appen- 
dix 111-0(1),     For  reasons   set  forth  in  paragraph  34o(12),  P-2  priority 
has  been  assigned,  " 

b.  Treatment  Under  the  Original  238-242  Plan,-     Under  the 
Original  23"5'-242  Plan  a  channel  1,000  feet  wide  at  grade  elevation  121^0 
was   proposed  from  Mile   107,4  to  Mile  109,8.      From  this  point  to  Mile  114, 
a  navigation  channel  442  feet  in  width  with  grade  elevation  124,0  was 
planned.      These  dimensions  are  interrelated  with  those  of  the  Cornwall 
Channel  Enlargement   (Feature  No.34),     Subsidiary  features  of  the  original 
plan  -were  the   removal  of  the  Roosevelt  Bridge  across  the  South  Channel, 
the  enlargement  of  the  mouth  of  the    Grass  River  to  a  width  of   300  feet 

at  grade  elevation  140,0  and  the  construction  of  a  training  dike  at  its 
mouth  to   control  cross  currents.     The  criteria  used  in  the  design  of  the 
main  channel  ani   the   improvement    at  the  mouth  of  Grass- River  were  not 
available, 

c.  Additional   Data  Secured,-  Soundings  through  the   greater 
part  of  this  channel  were  taken  by  the  United  States  Lake   Survey  in 
1940,     Measurements   of  surface   current  velocities  throughout  this  channel 
and  limited  subsurface  investigations  at  the  principal  work  sites  were 
made  by  this    District,      Ihis   additional   information  resulted  in  more 
accurate  quantity  estimates,  and  determination  of  the  direction  and  ve- 
locity of  flow  and  the  kind   of  material   likely  to  be   encountered.      The 
records   of  the  subsurface  explorations  are   contairjed   in  Appendix  III-0(3), 

d.  Discussion,-     (1)      The  basic  problem  is  the  enlargement 
of  the  restricted  crooked  and   shallow  South   Channel  to  satisfy  the  cri- 
teria for  navigation  design  discussed  in  Chapter   II,   and  further  enlarge- 
ment of  that   portion  from  Mile  107,4  to  109,8  to  the  extent  justified 

by  the  benefits  to  power  resultirg  from  the   lowered  tailwater  at  the 
powerhouse.      The  water   levels   of  Lake   St.    Francis  preclude   the   possibility 
of  additional  benefits  to  power  from  enlargement   of  the  channel  below 
mile  109,8;   therefore,  the  channel  from  Mile   109,8  to  Mile  114  will  only 
require   improvement   for  navigation,      A  further  basic   requirement 
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for  navigation  is  the  removal  of  the  Roosevelt  Bridge  across  the  South 
Channel  described  under  Feature  No.  35.   This  bridge  consists  of  fixed 
spans  "With  insufficient  vertical  and  horitontal  clearances  for  deep 
draft  navigation. 

(2)  An  analysis  of  the  hydraulic  problems  involved  was 
not  made  due  to  insufficient  timej  consequently  the  plans  for  the  work 
are  tentative.  Insofar  as  possible,  the  criteria  for  navigation  channel 
design  discussed  in  Chapter  II  -were  applied,  but  pending  final  hydraulic 
analysis,  the  proposed  plan  remains  practically  the  same   as  that  of  the 
original  plan.  It  is  recoomended  that  the  final  design  for  the  South 
Channel  be  such  that  current  velocities  through  the  upper  portion  (Mile 
107«4  to  Mile  109.8)  be  reduced,  if  possible,  to  4.0  feet  per  second  in 
the  interest  of  safe  navigation.  Alternate  locations  for  the  naviga- 
tion chancel  were  considered  in  an  effort  to  eliminate  or  reduce  its 
sharp  reverse  bends,  but  no  satisfactory  alternate  alignment  was  found. 
It  is  considered  that  the  best  soluticn  consists  of  improvemeoit  of  the 
existing  channel  by  easing  the  bends  rather  them  construction  of  cutoffs, 
with  the  conseqisnt  complications  due  to  cross  currents.   From  Mile  109.8 
to  Mile  114  no  change  in  river  conditions  is  to  be  expected  and  the 
dredging  of  this  channel  can  proceed  at  any  time.   The  limited  subsur- 
face explorations  indicate  that  all  excavation  should  be  performed  with 
dipper  dredges  because  of  the  presence  of  boulders.   Satisfactory  dump- 
ing grounds  are  available  in  Lake  St.  Francis  off  Hopkins  PoiiA ,  Ontario 
(Miles  118  to  120).  See  Plate  M-1. 

(3)  The  work  schedule  in  South  Channel  from  ICle  107.4  to 
Mile  109.8  is  interrelated  with  that  of  the  Conmall  (North)  Channel 
enlargement  on  the  opposite  side  of  Cornvall  Island  (Feature  No.  34). 
The  stream  velocities  are  high  through  both  of  these  channels  and  the 
enlargement  of  the  Cornwall  (North)  Channel  will  reduce  velocities  in 
the  South  Channel  sviffioiently  to  make  dredging  less  difficult  and  dan- 
gerous, and  more  econ(»iical.   It  is,  therefore,  reoomnended  that  Feature 
No«,  35  and  34  be  combined  into  one  contract.   It  is  further  re- 
commended that  the  enlargement  of  the  mouth  of  the  Grass  River  be  de« 
ferred  imtil  the  excavation  work  in  the  South  Channel,  and  the  works  at 
the  entrance  to  Grass  River  Lock  (Feature  No.  20)  are  completed.  This 
work  could  then  be  done  to  better  advantage.  The  removal  of  the  Roose* 
velt  Bridge  across  the  South  Channel  (Feature  No.  35)  is  necessary  be- 
fore channel  dredging  can  be  completed. 

e.  Present  Status  of  Flans.-  Contract  plans  and  specif ioa- 
tions  have  not  been  prepared.  !PrelimTnary  plans  and  estimates  of  cost 
have  been  developed  and  various  studies  carried  out  in  order  to  arrive 
at  the  recommended  solution.  The  additional  preliminary  work  listed 
below  should  be  completed  before  the  final  plans  and  specifications  are 
prepared. 

(1)  Analysis  of  the  hydraulic  problems,  and  verification 
by  hydraulic  model  tests. 

(2)  Additional  subsurface  exploration  to  determine  the 
character  of  the  material  to  be  excavated  and  the  elevation 
of  ledge  rook. 
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(S)     A  detailed  survey  for  the  purpose  of  obtaining  cross 
sections,  profiles,  and  undergroxmd  data, 

f ,  Estimated  Cost  and  Time  Required  to  Complete  Plans*-     The 
required  subsurface  explorations  could  be  completed  by  four  crews  equip- 
ped with  diamond  drill   rigs  and   sufficient  floating  plant,   one  crew  opsr^ 
ating  a  probing  rig,  and  one  seismic  crew,   in  about   30  days   during  the 
navigation  season.     It  is  not  recommaided  that  the  work  be  undertaken 

at   other  seasons  because    of  ice  jams  which  form  in  this   reach.      Detailed 
surveys   should  be  made   concurrently  -with  subsurface  exploration.      After 
completion  of  the  foregoing  preliminaiy  work,  the  time  required  to  com- 
plete the   plans  and  specifications  will  not  exceed  60  days   provided  a 
similar  schedule   is  adopted  for  the   Cornwall  Channel   Enlargement  (Fea- 
ture No.   34),     The  estimated  cost  of  completing  the  preliminary  work 
and  preparing  the  plans   is  as  follows: 

Hydraulic  Model  Study |13,000 

Subsurface  Exploration; , 12,000 

Detailed  Survey 4,000 

Plans   and   Specifications 2,000 

Total  Cost   to  Complete 

Prelimina  ry  work |31  ,000 

g.  Estimated  Cost,-     The  estimated  cost  based  on  preliminary 
plans   and   subsurface   investigations  is   given  below,      A  detailed  estimate 
of  cost   is   included  in  Appendix  111-0(3),      The  distribution  of  ordinary 
and  swift  water  dipper  dredging  is  based  on  the  work  schedule   outlined 
in  paragraph  34,  and   aiy  change  in  that   program  may  alter   this  estimate. 
The  estimate   given  below  includes  the  improvement   at  the  mouth  of  Grass 
River,   exclusive   of  the  canal  entrance. 

Contract  cost, .,,,» $5,652,850 

Engineering  &  contingencies   (about   25^),,.,   1,413,150 

Total   Cost $7 ,066  ,000 

68,      FEATURE  NO.    34  -  CORNWALL  CHANNEL  ENLAPGEMEKT,-     a.      Descrip- 
tion and  Purpose.-    Work  comprises  channel  improvement  nort'E  of  Com- 
wall  Island  and   downstream  from  Pollys  Gut,     Enlargement  of  the   channel 
is   proposed  in  order  to  reduce  velocities   south  of  Cornwall  Island  for 
the  benefit  of  navigation,  and  to   lower  the  elevation  of  the  tailwater 
at  the  Barnhart  Island   powerhouse.      The  cross-sectional    area  to  be   pro- 
vided is   interrelated  with  the   improvement  of  the  South  Channel   (Feature 
No,   33),     The  basic  problem  is  the  design  of  a  channel  north  of  the 
island,  which  when   considered   in  conjunction  with   the  South  Channel, 
will  result    in  maximxan  benefits  for  power  and  navigation,   commensurate 
with    the    cost    of  the  work.      It  will   include   the    removal   of  a   sill   in 
the  North  Channel  which  controls  the    river  levels  at   the  head   of  Pollys 
Gut,  where  the  river  divides  to  form  the  North  and  South  Channels  around 
Cornwall  Island,      The    outlines   of  the  proposed   improvement  are   shown  on 
Drawing  CC-R-l/l,  Appendix  111-0(1),     For   reasons   set  forth  in  paragraph 
34c   (13),   P-2  priority  has   been  assigned, 

b^.      Treatment   Under  the  Original   238-242  Plan,-     Under  the 
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Original  238-242  Plan  a  straight  cut  was  included  for  about  one  mil© 
through  the  North  Channel  having  a  width  of  600  feet  at  grade  elevation 
131«0»   These  dimensions  are  interrelated  with  those  for  the  South 
Channel  improvement.   No  records  are  available  pertainijag  to  the  criteria 
used  in  the  design  of  this  channel,  but  apparently  the  grade  was  set  at 
elevation  131,0  in  order  to  avoid  excavation  of  excessive  ledge  rook, 

c.  Additional  Data'  5eoured«»  The  recent  and  more  comprehen- 
sive soundTngs  through  this  channel  taken  by  the  United  States  Lake 
Survey  in  1940  show  considerably  higher  bottom  elevations  than  antici- 
pated when  the  original  plans  were  made.   Subsurface  investigations 
made  by  this  District  established  mere  definitely  the  presence  of  ledge 
rock  in  this  vicinity,   A  survey  of  surface  current  velocities  through 
this  channel  was  made  by  this  District  in  1941.   A  description  of  the 
method  and  results  of  the  subsurface  investigations  are  shown  on  Draw- 
ings CC-A-2/1-5,  Appendix  111-0(3). 

da   Discussion.-  An  analysis  of  the  hydraulic  problems  in- 
volved was^not  made  due  to  insufficient  time.   It  should  be  made  in  con- 
jimotion  with  the  improvement  of  the  South  Channel*   The  plans  present- 
ed are  tentative  only.   It  is  not  intended  that  this  channel  will  be 
used  for  navigation,  but  its  improvemerfc  will  affect  the  velocities  in 
the  navigation  channel  south  of  Cornwall  Island,  Pending  final  hydrau- 
lic analysis,  the  proposed  plan  remains  practically  the  same  as  that  of 
the  original  plan.  However,  the  discovexy  of  additional  shoals  has 
made  it  advisable  to  lengthen  the  improvement  sufficiently  to  obtain 
the  same  width  and  grade  throughout  the  area.  No  change  in  river  con- 
ditions is  to  be  expected  and  the  dredging  of  this  channel  can  proceed 
at  any  time.   The  explorations  indicate  that  all  work  in  the  river  chan- 
nel will  be  performed  by  dipper  dredge  because  of  the  character  of  the 
material,  A  certain  amount  of  excavation  in  the  dry  might  be  performed 
where  the  bank  is  to  be  cut  av?ay,  but  disposal  of  such  material  on  the 
north  side  of  the  river  is  not  considered  practical  because  of  the 
proximity  of  the  industrial  area  of  the  City  of  Conrwall,  Ontario,  It 
is,  therefore,  recommended  that  all  material  be  disposed  of  by  rehandling 
and  transporting  to  available  disposal  areas  in  Lake  St.  Francis  opposite 
lfi.les  118  to  120,  It  is  further  recommended  that  the  dredging  of  this 
channel  be  completed  prior  to  dredging  the  South  Channel  between  Mile 
107,4  and  Mile  109.8  (Feat tare  No, 33)  because  the  reduction  of  the  high 
velocities  in  this  channel  will  result  in  more  rapid  and  less  costly 
dredging, 

e.  Present  Status  of  Plans,-  Contract  Plans  and  specifica- 
tions h«ve""not  been  prepared.  Preliminary  plans  and  estimet  es  of  cost 
have  been  developed  and  various  studies  oariied  out  in  order  to  arrive 
at  the  recommended  solution.  The  additional  preliminary  work  listed 
below  should  be  completed  before  the  final  plans  and  specifications  are 
prepared, 

(1)  Analysis  of  the  hydraulic  problems  and  verification 
hy  hydraulic  model  tests, 

(2)  Additional  subsurface  explorations  to  determine  the 
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character  of  the  material  to  be  excavated  and  the  elevation  of  ledge 
rook« 

(3)  A  detailed  survey  for  the  purpose  of  obtaining  cross 
sections ,  prof  iles^,  and  underground  data. 

f.  Estimated  Cost  and  Time  Required  to  Complete  Plans,-  The 
analysis  oT"  the  hydraulic  problem  will  require  atout  30  days.  By  usirig 
the  maps  and  other  data  now  available,  the  channel  dimensions  obtained 
by  computations  could  be  verified  in  about  60  days  by  an  established 
hydraulic  laboratory.   The  required  subsurface  explorations  could  oe 
completed  by  three  crews  equipped  with  diamond  drill  rigs  and  sufficient 
floatirg  plant  in  about  30  days  during  the  navigation  season.  Attempts 
to  accomplish  this  work  during  winter  or  early  spring  are  not  advisable 
because  of  the  dangers  and  difficulties  resulting  from  ice  conditions. 
Detailed  surveys  should  be  made  concurrently  with  the  subsurface  explora- 
tions. After  completion  of  the  foregoing  preliminary  work,  the  time 
required  to  canplete  the  plans  and  specifications  will  not  exceed  60 
days  provided  similar  schedules  are  adopted  for  the  improvement  of  the 
South  Channel  (Feature  No,  33).  The  estimated  cost  of  the  preliminary 
work  and  preparation  of  plans  and  specifications  is  given  below» 

Hydraulic  Model  Study |6,000 

Subsurface  Exploration., ••  5,000 

Detailed  Survey ,,,, 1,000 

Plans  and  Specifications,,,,,,,  2,000 

Total  Cost  to  Complete 

Preliminary  Work,,,.,,,,,,  ^14,000 

g.  Estimate  of  Cost,-  The  estimated  cost  based  on  preliminary 
plans  and  surveys  and  subsurface  investigations  is  given  below,  A  de- 
tailed estimate  of  cost  is  included  in  Appendix  111-0(3),  The  distribu- 
tion of  the  various  types  of  excavation  is  based  on  the  work  schedule 
outlined  in  paragraph  34,  and  any  change  in  that  program  may  alter  this 
estimate. 

Contract  cost,,,,,,,,.,,, .,,,...... ,.|1, 871, 220 

Engineering  &    contingencies  (about  2b%)»,,       467,760 

Total  Cost , ,  42 , 339 ,000 

69,   FEATURE  NO.  35  -  RELOCATION  OF  OTTAWA  BRANCH  OF  THE  NEW  YORK 
CENTRAL  RAILROAD  AND  ROOSEVELT  HIGHWAY.-  a_.   Description  and  purpose. - 
This  comprises  all  work  in  connection  with  the  relocation  of  the  Ottawa 
Branch  of  the  New  York  Central  Railroad  and  an  existing  tol  1  highway, 
which  cross  the  South  Channel  on  a  combined  bridge  located  north  of  Roose- 
veltown.  New  York.   The  following  items  are  included: 

(1)   The  construction  of  a  single  track  railroad 

equivalent  to  the  existing  line  with  alignment 
described  below  under  "Recommended  Plan," 
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(2)  The  construction  of  an  improved  highway  follow- 
ing the  same  general  alignment  as  the  relocated 
railroad, 

(3)  The  construction  of  a  new  combined  highway  and 
railroad  bridge  across  Grass  River  and  a  similar 
structure  across  Pollys  Gut» 

(4)  Remo^^al  of  the  existing  bridge  across  the  South 

Channel • 

For  reasons  set  forth  in  paragraphs  34a,  and  34o(7)    the  portion  pertain- 
ing to  ccxnpletion  of  the  relocated  raiTroad  and^highway  to  the  Grass 
River  lock  has  been  given  P-0  priority,  and  the  renainder  has  been  assign- 
ed  P-2  priority, 

b.  Treatment  Under  the  Original  238-242  Plan,*     The   Original 
238-242  pTan   proposed   similar  relocations  with  the   saine   general  align- 
ment as  now  considered.      Studies   of  the  original  plan  have   indicated 
that   relocation  of  the   routes  is   preferable  to   construction  of  a  new 
bridge  across  the  South  Channel,  at   or  near  the  present  site, 

c.  Discussion,-     The  existing  bridge  across  the  channel  south 
of  ComwaTl  Islar/d   does  not  have  sufficient  horizontal  and  vertical 
clearances  for  navigation  in  the  proposed  27-foot  channel.     It  will, 
therefore,  be  necessary  either  to  construct  a  new  bridge  «t    approximate- 
ly the  same   location  as  the  present  structure,   or  relocate  the  highway 
and  railroad  so  as  to  permit   the  removal   of  the  existing  bridge.      Re- 
location is  recommended  as  being  the  most   satisfactory  frcBi  the  stand- 
point  of  navigation.     Navigation  interests  maintain  that  the   con8tx*uo- 
tion  of  a  low  level  bridge  across  the  South  Channel  in  the  vicinity  of 
the  present  structure  is  objectionable  because  of  swift  currents  which 
would  exist  in  the  vicinity,  even  after  completion  of  the  proposed  hy- 
dra tilic  cuts  in  the  North  and  South  Channels   (Features  Nos,   33  and  34), 
Removal  of  the  existing  bridge   is,  therefore,  considered  advisable. 
Studies   of  a  high  level  bridge  at  the   same  location  indicated  that  the 
cost  -would  be  excessive, 

d.  Recommended  Plan.-     The  exact  alignment  of  the  relocated 
railroad  ITas  not  been  established.     In  general,  it   is   pz*oposed  to  start 
tram  the  existing  line  immediately  north  of  the  Racquette  River  bridge 
and  continue   in  a  westerly  direction  to  a  bridge  site  on  Grass  River 
about   3/4  mile  xjpstream  from  its  mouth,     A  combined  railroad  and  highway 
bridge  with  50-foot  vertical  clearance  is  proposed  at  this  location. 
The  relocated  railroad  will  then   continue   in  a  northerly  direction  along 
the  top  of  Dikes  Nos.   7  and  8  and  across  the  westerly  end  of  Grass  River 
Lock  on  a   combined  railroad  and  highway  bobtail,  swing,  drawbridge.      The 
relocated  railroad  will   then  contintje   in  an  easterly  direction  to  Pollys 
Gut^  which  it  will  cross  on  a  combined  railroad  and  highway  bridge,  aid 
then  continue  in  an  easterly  direction  to  the  existing   line   south  of  the 
present  bridge  over  the  channel  north  of   Cornwall  Island,      The  portion 
of  the   roadbed  on  Dikes   Nos,   7  and  8,  and  the   const i^ction   of  the   draw- 
bridge across  the    lock,  will  be   included  in  the   look  contract.     The 
plan  for  the   relocated  highway  has  not  been  fully  developed,  but  in 
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general  it  is  proposed  to  start  from  the  existing  road  at  a  point  north 
of  Rooseveltown;  thenoe  in  a  westerly  direction  approximately  4,000  feet 
to  a  junction  with  an  existing  secondary  road  which  leads  to  the  vicin- 
ity of  the  Grass  River  bridge  site.  This  secondary  road  will  be  improv- 
ed and  the  relocated  highway  will  cross  the  combined  Grass  River  biridge. 
It  will  then  continue  along  the  top  of  Dikes  Nos,  7  and  8  and  across 
the  combined  Grass  River  lock  bridge,  thence  paralleling  the  new  align- 
ment of  the  relocated  railroad  to  the  combined  bridge  across  Pollys  Gut, 
and  thence  easterly  to  a  junction  with  the  existing  highway  on  Cornwall 
Island* 

e«  Present  Status  of  Plans,-  No  plans  have  been  made  for 
removal  of""the  existing  bridge  over  the  South  Channel,   Tentative  loca- 
tions for  the  various  items  of  this  feature  have  been  established  from 
available  topographic  maps  and  field  reconnaissance.   See  Drawings 
CMRR-l-l/l-8  and  CMH»-l-l/l-7  in  Appendix  111-0(1).   The  area  between 
Rooseveltown  and  the  Grass  River  Bridge  has  been  surveyed  (see  Drawings 
MBR-l-55l/l-3  in  the  District  File)|  holes  have  been  drilled  at  the 
Grass  River  Bridge  site,  and  results  are  shown  on  Drawing  CMRR-l-S/l, 
Appendix  111-0(1) »  Surveys  and  plans,  including  specifications  and 
analyses  of  design,  have  been  completed  for  the  Grass  River  Look  and 
Dikes  Nos,  7  and  8,  but  the  area  between  Dike  No,  8  and  Pollys  Gut  has 
not  been  surveyed  by  this  Di strict j  the  Pollys  Gut  bridge  site  has  not 
been  definitely  established,  but  holes  hav*  been  drilled  at  one  loca- 
tion and  the  results  are  shown  on  Drawing  CMRR-1-2/2,  Appendix  III-0(1)| 
the  area  on  Cornwall  Island  between  Pollys  Gut  and  the  existing  rail- 
road and  highway  has  not  been  surveyed.  An  analysis  of  design  of  the 
relocation  of  the  railroad  and  highway  is  presented  in  Appendix  111-0(3). 
The  surveys  should  be  completed  before  the  most  economical  location 
for  the  highway  and  railroad  can  be  determined  and  the  plans  and  speci- 
fications completed.  The  additional  data  for  the  area  north  and  east 
of  Grass  River  Look  and  on  Corwall  Island  can  be  obtained  during  the 
early  stages  of  construction.  However,  the  field  work  for  that  portion 
of  the  feature  between  Rooseveltown  and  Grass  River  Lock  should  be  ex- 
pedited in  order  that  the  plans  and  specifications  can  be  prepared  and 
a  contract  awarded  at  an  early  date, 

f.  Estimated  Cost  and  Time  Required  to  Complete  Plans,-  It 
is  estimated  that  three  months  will  be  required  to  complete  the  pre- 
liminary  work,  exclusive  of  the  design  of  the  bridges.   It  is  proposed 
that  the  bridges  be  designed  by  the  contractor  or  a  consultant.   The 
estimated  coat  to  complete  the  preliminary  work,  exclusive  of  the  bridge 
plans,  is  |7,500, 

g.  Estimated  Cost,-^  A  summary  of  the  estimated  cost  is  given 
below,  A  detailed  estimate  of  the  cost  of  relocation  of  the  Ottawa 
Branch  of  the  New  York  Central  Railroad,  and  highways,  is  contained  in 
Appendix  111-0(3), 

(1)   Railroad  and  Highway  Relocation 

Contract   Cost  $418,160 

Engineering  and   Contingencies 

(about   21^)  87,840 

Totel  Cost  .    ^^    ,.       fFoe.OOO 

(continued)  * 
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Brt,  fwd.   1506,000 

(2)  Grass  River  Bridge 

Coirtraot  Cost  $593,560 

Engineering  aid   Costin- 

genoies   (about   21%)       124,640 
Total  Cost  718,000 

(3)  Pollys  Gut  Bridge 

Contract  Cost  640,600 

£ngineerii)g  and  Contin« 

genoies   (about  21jS)       134,400 
Total  Cost  775,000 

(4)  Removal   of  Roosevelt  Bridge 

Contract  Cost  |94,500 

Engineering  and   Contin- 
gencies  (about  215^)         20,500 
Total   Cost  115,000 

Grand  Total  |2, 114 ,000 

70.      FEi"iTURE  NO.   36  -  RELOCATIOK  OF   TRANSMISSION  LI37BS  OF  ST.   LATff- 
RSHCE  RIVER  POWER  COMPANY.-  a.   Description  and  Purpose.  A  double-circuit, 
steel- tower,  lib  kv,   transmlTsion  line  delivers  power  from  Cedar  Rapids, 
Ontario,   to  the  Aluminum  Company  at  Massena,  and  a  single-olrouit,  iiood- 
pole,  110  lev.  transmission  line  follov/ing  the  same  right-of-way  delivers 
power  from  the  Ontario  5ydro  network  to  the   same  company.     Hie  portions 
of  these  lines  which  are  within  the  United   States  are  owned  by  the    St. 
Lawrence  River  Power  Company.      See  Plate  M-I  and  Drav/ing  No.  MBT-1-l/l, 
Appendix  III-O(l).      There   is  aleo  a  private  telephone  line  on  the   same 
right-of-way.      These  lines  crosB  the  westerly  end  of  Robinson  Bay  Look 
site,  and   several  of  the  poles  and  towers  will  be   surrounded  by  water  in 
the  pov^erhouse  forebay.      It  is,  therefore,  necessary  to  either  raise  the 
lines  near  their  present  location,  or  relocate   them  and  provide  the  nec- 
essary clearf>r.o9  where   they  cross  natxiral  or  artificial  waterways.     For 
reasons  set    forth    in  paragraph  34c (14),  P-2  priority  has  been  assigned. 

b.      Treatment  under   the  Original  238-242  Plan.-     The  Original  238- 
242  Plan  included  a  Itanp   stmi  price  for  relocation  of  these  lines,  but 
plans  for   the  work  v/ore  not  developed. 

o.     Discussion.-     Several  plans  were   studied  which  included  Hie 
raising  of  the  present  line  as  compe.red  to  various  relocations.      The  lo- 
cation of  these  alternate  routes  is  shown  on  Drawings  Nos.  MBT-l-l/2  and 
FiBT-l-1/4,      Tiie  following  table   shows  the  cost  of  the  best  alternate 
route   (No.   5)  and  the  cost  of  raising  the  lines  in  their  present  location 
(Route  Ho.  4)  for   spans  of  1,000,  1,200  and  1,500  feet: 

Route  Tov^er    Spacing  Estimated  Cost 

5  -  $164,000 

4  1000  223,000 

4  1200  213,000 

4  1500  198,000 
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d.  Reooimnended  Plan.-  Relocation  Route  No.  5  is  the  most  ecoz^* 
omical^and  has  the  further  advantage  of  not  having  towers  located  in  the 
forebay  in  the  vicinity  of  navigation  which  is  inherent  in  Route  No,  4 
See  Drav/ing  MBT-l-l/4.   Ihe  design  of  the  towers  has  not  been  developed, 
but  in  general  it  is  planned  to  carry  the  three  circuits  ground  wires, 
and  telephone  circuit  on  the  same  steel  structures.   Because  of  the  high 
cost  of  fo\indations,  long  spans  are  cheaper  than  ordinary  spans.   The 
vertical  clearances  proposed  are  Lorig  Sault  Canal,  170  feetj  forebay,  75 
feet;   and  Cornwall  Canal,  150  feet  above  ultimate  high  water  which  is 
assumed  at  elevation  249.   It  is  proposed  to  extend  the  foundations  10 
feet  above  the  water  surface  to  protect  the  steel  from  ice, 

e.  Present  Status  of  Plans.-  Additional  study  is  required  before 
contract  drawings  and  specifications  can  be  prepared.   The  plan  for  main- 
taining service  during  construction  of  the  two  new  towers  required  at 
Robinson  Bay  lock  is  shown  on  Drawing  No.  MBT-l-l/s,  Appendix  111-0(1), 
The  design  of  these  towers  has  not  been  made.  Further  subsurface  explor- 
ations will  be  required  at  tov/er  sites  to  determine  the  proper  depth  and 
area  of  foundations. 

f.  Estimated  Cost  and  Time  Required  to  Complete  Plans,-  It  is 
estimaTed  ihat  three  months  will  be  required  to  complete  the  studies  and 
prepare  the  plans  for  this  work  and  the  cost  of  the  preliminary  v/ork 

is  estimated  at  $10,000. 

g.  Estimated  Cost.-  A  surmnary  of  the  estimated  cost  is  shown  be- 
low, a"  detailed  estimate  is  contained  in  Appendix  111-0(3). 

(1)  Raising  Transmission  Line  at  Robinson  Bay  Lock 
Contract  Cost  $31,056 
Engineering  and  Contingencies 

(about  21^)  7,144 

Total  Cost  $39,000 

(2)  Forebay  Relocation      - 

Contract  Cost  $103,770 

Engineering  and  Contingencies 

(about  21^)  21,230 

Total  Cost  $125,000 

Grand  Total  $164,000 

71 .      FEATURE  NO.    37  -  LANDS  AND  EASEMINTS  IN   THE  UNITED   STATES. - 
a*     Descrip'cion  and  j-iorposeT^     Lands  on  the  United   States   side  are  re- 
JJTiired   for  most  of  the  project  features,    for  camp   sites,   construction 
areas,   connecting  roads  and   flowage  areas.      The  property  involved   con- 
sists,  for   the  most  part,  of  farms  and   summer   cottages  and  also  includes 
the  hamlet  of  Massena  Center    (about  30  properties),   the    settlement  of 
Louisville  Landing    (about  25  properties,    the  majority  of  which  are   sum- 
mer camps),   and  a  portion  of  the   Village  of  Waddington    (Feature  No,    10.). 
Lands  for   each  feature  of  the  project  will  be  required  at  the  beginning 
of  construction  of    the   feature,   and  in  general   it  will  have   the   same 
priority  as  the   feature.     Lands  needed  for   construction  camps,   connecting 
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routes  and  the  features  having  P-0  priority  will  be  required  inaaediately 
upon  authorization  of  construction  of  the  project  and  should  therefore 
•have  P-0  priority.  Because  of  local  conditions,  it  is  considered  that  all 
of  the  land  lying  between  the  Grass  River  and  the  St.  Laurence  River, 
and  between  the  Massena  Power  Canal  and  Pollys  Gut,  including  Long  Sault 
and  Barnhert  Islands,  should  be  acquired  at  the  beginning  of  con8tx*uotl<m, 
and  this  acquisition  has  been  assigned  P-0  priority, 

b.  Treatment  Under  the  Original  238-242  Plan.»  Ho  details  are 
available  as  to  the  basis  for  land  estlmatesln  the  original  plan*  It 
appears  that  the  estimates  for  both  aoreage  and  cost  were  based  upom 

a  general  reconnaissance  and  upon  a  general  basic  unit  price  for  value 
of  lands  and  value  of  inprovements«  It  also  appears  that  this  estimate 
Included  merely  lands  required  for  projeot  features  and  flowage,  without 
giving  consideration  to  areas  that  might  be  necessaxy  for  oamp  sites, 
spoil  banks,  and  other  auxiliary  features. 

c.  Additional  Data  Seoured<«  A  considerable  portion  of  the  pro- 
ject area  has  been  covered  by  new  topograf^ic  surveys  and  an  aerial 
survey,  and  the  maps  of  the  "Ross  Survey"  have  been  obtained  and  made 
available  for  use  in  land  work.   (»ee  Chapter  II,  paragraphs  lie  (3)  and 
(12),)  The  additional  surveys  have  been  used  in  the  studies  of  leuad  re- 
quired for  the  project.   Deed  descriptions  and  other  data  pertaining  to 
numerous  parcels  have  been  obtained  fron  County  records.  Numerous  ap- 
praisals have  been  made  and  data  collected  to  determine  the  current  value 
of  property  , 

d.  Discussion.-  In  the  land  studies,  full  consideration  has  been 
given  ^  the  proposed  village  site,  camp'  sloes,  construction  areas,  con- 
necting roads,  railroad  relocations,  etc.,  in  addition  to  areas  which 
will  be  actually  occupied  by  project  featvu-es  and  will  be  required  for 
flowage.   The  investigations  were  detailed  and  made  with  the  intent  of 
immediate  acquisition  of  bhe  properties.   The  extent  of  these  investiga- 
tions is  discussed  in  Chapter  II,  paragraph  15.   In  certain  sections 
where  this  work  has  been  practically  completed,  particularly,  in  the  area 
betv;een  Point  Rockway  and  Leislimans  Point,  revisions  may  be  necessary  if 
final  designs  indicate  that  insufficient  areas  have  been  covered.   However, 
in  such  areas,  basic  information  has  been  secxired  and  revisions  can  be 
readily  made.   The  investigations  were  carried  on  concurrently  with  design 
studies,  and  taking  lines  were  established  upon  the  basis  of  information 
available  at  the  time. 

e.  Recommended  Plan.-  It  is  proposed  to  acquire  in  fee  all  of  the 
land  on  the  United  States  side  occupied  by  struct\ires  or  required  for 
construction  pxirposes;  to  acquire  in  fee  or  by  an  unrestricted  flowage 
easement  all  lands  required  for  flowage;  and  to  acquire  the  necessary 
easements  for  all  highway  and  railroad  relocations  outside  of  the  con- 
struction and  flowage  areas.   The  construction  areas  include  all  of 
Barnhart  and  Long  Gault  Islands  and  all  of  the  area  bounded  by  the  Grass 
River,  the  Massena  Ceoial  and  the  St.  Lawrence  except  the  lands  actually 
occupied  by  the  plants  of  the  Defense  Plsuit  Corporation  and  the  Aluminum 
Company  of  '\morioa  and  their  planned  extensions,  and  portions  of  the 
north  bank  of  Grass  River.   They  also  include  most  oi*  all  of  the  land 
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north  of  the  Point  Rockway  Canal  and  considerable  areas  needed  for  borroxv 
pits  and  spoil  banks.   The  taking  lines  should  generally  involve  the 
acquisition  of  entire  farms  rather  than  taking  a  portion  and  paying  sever- 
ance damages.   In  the  flowage  areas  when  thy  shore  of  the  new  pool  is  not 
occupied  by  dikes  or  other  structures,  or  by  construction  areas,  it  is 
believed  that  the  shore  line  should  be  left  in  private  ownership  to  en- 
courage an  increase  in  the  existing  development  of  cottages  and  resorts. 
It  is  therefore  proposed  that  the  flowage  area  be  acquired  in  fee  up  to 
elevation  230  and  that  an  unrestricted  flov/age  easement  be  acquired 
between  elevation  230  and  elevation  250. 

f.  Estimated  Cost.-  The  estimated  cost  of  acquiring  the  lands 
which  Fave  been  assigned  ,P-0  priority  is  $1,000,000,  and  the  total 
estimated  cost  of  acquiring  necessary  lands  and  easements  on  the  United 
States  side  is  |6, 200, 000.   The  estimate  includes  legal  costs,  the  cost 
of  rehabilitation  of  Waddington,  New  York  (Feature  Ho.  10),  and  other 
incidental  expenses. 

I 

72.  FEATURE  NO.  38  -  LAITOS  MP  EASEMENTS  IN  CANADA.-  Under  the 

terms  of  the  International  Agreement,  acquisition  of  lands  in  Canada 
would  be  the  respoinsibility  of  the  Canadian  CTOvernment,  and  therefore 
no  investigation  of  this  feature  has  been  made.   The  greater  portion  of 
the  lands  on  the  Canadian  side  will  be  required  for  rehabilitation  pur- 
poses, flowage,  and  highway  and  railroad  relocations,  and  Only  a  small 
percentage  for  the  project  features.   The  estimated  cost  of  land  acqui- 
sition on  the  Canadian  side,  exclusive  of  the  rehabilitation  of  Iroquois 
and  Morrisburg,  Ontario,  as  taken  from  the  Engineering  Report  of  January 
1941,  and  used  Ly  this  District,  is  given  below. 

Estimated  Cost,  from  report  of  January  1941    |12,454,340 

Engineering  and  Contingencies  (about  12^)        1,556,660 

Total  Cost  114,011,000 

73.  FEATURE  NO. 39  -  CLEARING  OF  FLOWAGE  AREAS.--  a.  Description 
and  PurposeT^  Wor"k  includes  the  clearing  of  all  trees,  Tences,  Wush, 
buildings,  and  other  undesirable  material  from  the  entire  flowage  basin 
below  elevation  249  (extreme  flood  line),  from  Chimney  Point  to  the  Barn- 
hart  Island  powerhouse,  estimated  at  8,242  acres.   The  general  areas  to 
be  cleared  are  shown  on  sheet  SX-l-l/l  in  Appendix  III-O(l).   Fbr  reasons 
set  forth  in  paragraph  34c(15),  P-2  priority  has  been  assigned. 

b.  Treatment  imder  the  Original  238-242  Plan.-   The  Original  238- 
242  Plan  included  this  work,  and  the  estimate  included  lump  sums  for 
clearing  on  the  Canadian  and  the  United  States  sides. 

c.  Discussion.-  Of  the  total  of  8,242  acres  to  be  cleared,  2,592 
would  Fe  located  in  Canada  and  5,650  in  the  United  States.   Aerial  photo- 
graphs covering  the  proposed  project  were  used  in  preparation  of  the  plan 
showing  the  areas  to  be  cleared  (SX-l-l/l,  Appendix  III-O(l).)  Detailed 
study  will  be  required  to  determine  accurately  the  class  of  clearing,  as 
well  as  the  nvimber  of  buildings.   Studies  should  be  made  as  to  the  possi- 
bilities of  salvage.   On  Barnhart  and  Croil  Islands,  there  is  first  growth 

-163- 


timber,  which  will  be  of  val  u8  for  construction  purposes.     TTith  the  ex- 
ception  of   clearing    included  in  specific  constxTiotion  contracts,  which 
would  ordinarily  be  done  by  the  contractors,  the    clearing  of  flowage 
areas  will  be  performed  tmder  separate   clearing  contracts.     The   clearing 
line  at  elevation   250  must   be  staked  in  the  field  before  clearing  is 
undertaken,  and  it   is   intended  that    one   or  mere  field  survey  parties  will 
be  continuously  employed   en  this  work  during  clearing  operations* 

d«     Estimated  Cost,-     The  cost  as  given   in  Engineering   Estimate 
of  June  1941  is  shown  telowt 

Cost   from   Estimate    of  June   1941  $400,000 
Engineering   and  Contingencies  (about 

25%)  100,000 

Total    Cost  » 500,000 

The  total   cost   is  divided  bet-ween  the  United  States   and   Canada  about  as 
follows! 

Canada 


Estimated  Cost  |53,200 
Engineering  and   Contingencies   (about 

2S^)  $13,300 

Total   Cost  #66,500 

United  States 


Estimated   Cost  $346,800 
Engineering  and  Contingencies   (about 

2S9S)  86,700 

Tota]    Cost  5433,500 
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CHAPTER  IV  -  COST  ESTIMATES 


74.   PREVIOUS  ESTIMATES*-  a.   Joint  Board  Engineering  Report 
Estimate  of  January'-  5,  1941,'-  TTTe  Canadian.  Temporary  Great  Lakes  -  St, 
Lawrence  Committee  and  the  United  States  St,  Lawrence  Advisory  Committee 
submitted  a  joint  report  to  the  President  of  the  United  States  and  the 
Prime  Minister  of  Canada  on  January  3,  1941,  recommending  the  "238-242" 
Controlled  Single  Stage  Project.  It  was  accompanied  by  an  engineering 
report  made  by  the  Joint  Board  of  Engineers  which  had  been  studying  the 
matter  under  the  direction  of  the  Advisory  Committees.   (See  Chapter  I, 
paragraph  9b,)  This  engineering  report  presented  an  outline  and  estimate 
of  cost  of  The  "238-242"  Plan,  This  plan,  referred  to  in  this  report  as 
the  Original  238-242  Plan,  was  subsequently  incorporated  in  the  Inter- 
national Agreement  of  March  19,  1941,  and  became  the  basis  of  all  sub- 
sequent studies  by  this  District.  The  estimate  of  cost  was  printed  in 
full  by  the  Canadian  Government  in  a  document  entitled  "St,  Lawrence 
Deep  Waterway  International  Rapids  Section,  Reports  submitted  to  the 
President  of  the  United  States  and  the  Prime  Minister  of  Canada  by  the 
Cemadian  Temporary  Great  Lakes  -St,  Lawrence  Basin  Committee  and  the 
United  States  -  St.  Lawrence  Advisory  Committee,  Ottawa,  Canada,  January 
3,  1941,"  The  following  summary  is  taken  from  that  publication,  and  the 
detailed  estimate  is  shown  in  Appendix  IV-O, 


TABLE  4 


SUMMARY  OF  ESTIMATE 

INTERNATIONAL  RAPIDS   SECTION  -  JANUARY  3,    1941 

A.-  Works  Solely  for  Navigation, 

I,     Upper  Pool  -  at  Point  Rockway 

Locks  $  7,497,000 

II,     Lower  Pool  -  Long  Sault  Canal 

and  Dikes  31,081,000 


B  -  Works   Primarily  for  Power 

I,     Substructures,  head  and  tailrace 

excavation  41,624,000 

II,     Machinery  and  Superstructures 

1,  Machinery  50,328,000 

2,  Superstructure  4,852 ,000 


C  -  Works    Common  to  Navigation  and   Power 

1.  Channel  excavation  48,136,000 

2.  Ice  cribs  above  Prescott 

and  above  Galop  Island  656,000 

3.  Iroquois    Dam  7,310,000 

4.  Dikes  12,374,000 


$38,578,000 


96,804,000 
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(Cont'd) 


TABLE  4   (Cont'd.) 
SUI^IARY  OF  ESTIMATE 
IHTERKATIONAL  RAIIDS   SECTION  -  JANUARY  3^    1941 

5«     Supply  channel  and  weir  at  I<Ia8sena  2,363,000 
6*     Diversion  cut  through  Long  Sault 

Island  2,569,000 

7.     Main  Long  Sault  Dam  20,055,000 
8*     Guard  Gate,   14-foot  Lock  and 

V/eir  at  Maple  Grove  2,624,000 

9»     14-foot  Look  and  Dikes  at     Iroquois  604,000 

10.     Railroad  relocation  3,696,000 

11«     Clearing  pool  518,000 

12,  Rehabilitation  of  Morrisburg  5,024,000 

13.  Rehabilitation  of  Iroquois  3,379,000 
14*     Acquisition  of  lands,   etc.,  U.S. 

side  4,657,000 

15*     Acquisition  of  lands,   etc.,   Cana- 
dian side  14,011,000 

16,     Highway  relocation  2,812.000 

130,788,000 

GBAI^  TOTAL |266,170,000 

b.  United  States  Engineer  Department  Estimate  of  June  1941.- 
Circumstances  made  it  necessary  that  the  Joint  Board  submit  its  report 
on  Jemuary  3,   1941,   although  it  was  known  at  that  time  that  preliminary 
studies  then  in  progress   in  this  District,  particularly  the  pending 
preliminary  report  on  powerhouse  location  and  layout  which  then  had  been 
nearly  completed  by  the  Harza  Engineering  Compemy,  would  furnish  addition- 
al data  from  which  a  much  more  complete  estimate  could  be  made.     Such  a 
revised  estimate  was  completed  by  the  District  early  in  June  1941,   in- 
corporating the  z*esults  of  the  new  work  and  showing  the  division  of  costs 
between  the  United  States  and  Canada  as  prescribed  by  the  International 
Agreement  of  !ferch  19,   1941.     The  total  amoxmt  of  this  estimate  was 
$287,981,000.     During  the  hearings   on  the  St.  Lawrence  Project  held  by 
the  Rivers  and  Harbors  Cannnittee  of  the  House  of  Representatives   in  1941, 
the  testimony  submitted  by  the  Corps  of  Engineers  as  to  the  cost  of  the 
project  was  based  on  this  estimate.     As  a  result  of  the  aforementioned 
prelLninary  studies  and  investigations  by  this  District,   changes   in  the 
design  and  character  of  several  structures  were  adopted.     These  changes, 
together  with  a  revision  of  unit  prices  to  anticipate  the  continuing 
rise  of  construction  costs  to  July  1,   1941,  accounted  for  the  variation 
of  the  June  1941  estimate  from  that  of  the  Joint  Board  Report  of  Jan- 
uary 3,   1941.     The  principal  variations  vrere  t 

(1)     Revision  of  the  Plans  for  the  Iroquois  Dam.-     The 
plans  for  the  Iroquois  Dam  have  been  revised  to  provide  a  continuous 
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sill  structure  to  be  constructed  within  cofferdains   instead  of  individ- 
ual pier  construction  by  caisson.     Preliminary  field  investigations 
indicated  the  overburden  on  the  bed  of  the  river  to  be  extremely  vari- 
able, both  in  depth  and  character,   and  that  a  continuous   sill  struc- 
ture would  be  better  suited  to  the  foundation  conditions.     Although  the 
estimated  cost  of  the  revised  structure  exceeded  the  January  3,   1941 
estimate  for  the  original  stmicture,    it  was  believed  that  under  exist- 
ing foundation  conditions  as  shown  by  the  more  recent  investigations, 
the  caisson  method  of  construction  would  iresult  in  a  less  satisfactory 
structure  and  would  be  equally  as   costly. 

(2)  Relocation  of  the  Long  Sault  Dam.-The  Long  Sault  Dam 
was  relocated  a  short  distance  downstream;   resulting   in  a  shorter  struc- 
ture,  reduction  of  the  number  of  gates  from  50  to  40,   lowering  of  the 
gate  sills,  and   in  considerable  reduction  in  cost. 

(3)  Reduction  of  Cross  Section  of  Dikes.-The  cross  section 
of  the  dikes  was  generally  reduced  from  a  50-foot  crown  v/ith  1  on  4.5 
side  slopes  to  a  30-foot  crown  with  1  on  3  side  slopes*     This  resulted 

in  a  large  reduction  in  embankment  quantities. 

(4)  Reclassification  of  Excavation  Quantities .-Current 
preliminary  investigations    indicated  that  excavation  quantities  should 
in  a  large  measure  be  reclassified.     The  reclassification  effected  a 
decrease   in  cost. 

(5)  Preparation  of  Working  Drawings  for  27-foot  Locks. - 
Quantity  estimates  from  working  drawings   of  the  27-foot   locks  showed  an 
increase   in  concrete  quantities  and  corresponding   increase   in  cost. 

(6)  14-Foot  Canal  and  Lock  Structures. -The   two  14-foot 
looks   of  the  We;v  Coimv/all  Canal  were   redesigned  as  a  single   lock  of  high 
lift.     Computations  based  on  this  design  showed  an  increase   in  quantities 
and  cost. 

(7)  Revision  of  Unit  Prices-  Unit  prices  were  adopted  to 
anticipate  the  continuing  rise  in  construction  costs,   in  conjunction  with 
the  excess  cost  expected  to  result  from  expediting  the  work  as  a  defense 
item.     In  general,  unit  prices  were  higher  than  those  used  in  the  Jan- 
uary 3  estimate.     In  two  items,   dry  earth  excavation  and  erabanknient, 
prices  were  lowered  after  study  of  the   layout  indicated  that  more  economi- 
cal methods  could  be  used. 

(8)  Increased  Price  of  Electrical  and  Mechanical  Equip- 
ment.-New  quotations  from  manufacturers  showed  a  great  increase  in  the 
cost  of  electrical  and  mechanical  equipment  above  quotations  made  2  or 
3  years  earlier,   on  which  the  January  3  estimate  was  based. 

(9)  Land  Costs.-     A  study  of   current  values   of  United 
States  lands   resulted  in  a  lower  estimate. 

The  estimate   of     June   1941   is   contained   in  full   in  Appendix   IV-0.     A 
summary  of  this  estimate   is  given  in  Table  5,  and  the  comparative  quanti- 
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ties  for  the  January  and  June  estimates  for  those  items  for  which  quanti* 
ties  were  of  such  magnitude  as  to  be  of  real  importance,  are  given  in 
Table  6.  Table  7  shows  comparative  unit  prices. 


TABLE  5 
United  States  Engineer  Department  Estimate  of  June  1941 

Canada         U.S.  Totals 


A   -  Works  solely  for  Navigation* 

fl     Upper  Pool  •••••••   ,  U0,967,000 

II.     Lower  Pool  37,890.000         $48,857,000 

B  -  Works  primarily  for  Power. 

I«     Structures,   head  and  tailrace 

excavation    ••..••..  40,600,000 

II.     Machinery  and  equipment  .  $37,950,000     37,950,000         116,500,000 

C  -  Works   coDBtion  to  Naviga- 
tion and  ^qwer. 

n     Channel  excavation.    ,  44,291,000 

2.  Ice  Cribs.   ......  514,000 

3.  Control  dam  at  Iroquois 

Point 11,071,000 

4.  Dikes 6,210,000 

5.  Supply  channel  and  weir 

at  Massena,  ......  2,085,000 

6.  Diversion  cut  through 

Long  Sault  Island  .   ,    .  2,217,000 

7.  Main  dam  at  Long  Sault 

Rapids   .....•••  16,063,000 

8.  Guard  gate,   14-foot 
lock,  and  weir  at  Maple 

Grove  ........  4,149,000 

9.  14-foot  lock  and  dikes 

at  Iroquois 604,000 

10.  Railroad  relocation  .   •  3,646,000 

11.  Clearing  pool 500,000 

12.  Rehabilitation  of  Morris- 
burg  5,024,000 

13.  Rehabilitation  of  Iro- 
quois          3,379,000 

14.  Acquisition  of   lands 

in  U.S 6,200,000 

15.  Acquisition  of   lands 

in  Canada   14,011,000 

16.  Highway  relocation  .       2.660,000         122.624,000 

TOTALS     060,364,000  227,617,000         287,981,000 
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TABLE 


1941   AND   JUNE,   1941 


Joint  Board  Estimate  of  J 

anuary  3.   1941 

United 

States  Enelneei 

Deoartment  Estimate  of  June. 

1941 

Concrete 
(All  Classes) 

EXCAVATION 

FILL 

:      Concrete 
:{A11  Classes) 

EXCAVATIO 

N 

FILL 

Earth,  Dry 

Earth,  Wet 

Rock,  Dry     :   Rock,  Wet 

Total  Exc. 

Earth 

Rock          : 

Total  Fill     ! 

Earth,  Dry 

Earth,  Wet 

Rock,  Dry 

Rock,  Wet     : 

Total  Exc.      : 

Earth          : 

Rook          ! 

Total  Fill 

c.  y. 

c.  y. 

0.    Y. 

c.  v.          :       0.  y. 

c,  y. 

c.  y. 

c.  y.          : 

c.  y.          : 

:         c.  V. 

C.    T. 

c.  y. 

c.   y. 

c.  y.          : 

0.  y.           : 

c.  y. 

0.  y.          : 

0.  y. 

Iroquois  Dajn  and  Dikes  * 

120,260 

124,310 

7,060     : 

131,370 

83,720 

241,340     ': 

325,060     ! 

: 

:         254,500 

448,000 

24,900 

472,900     : 

210,000     : 

; 
96,000     : 

306,000 

Point  Rockway  Canal 

3,292,560 

320,500 

3,613,060 

1,002,770 

63,740     : 

1,066,510     ': 

2,992,700 

255,000 

3,247,700 

668,200     ': 

43 ,700     : 

711,900 

Point  Roolcway  Look  &  Dikes 

Ul,960 

260,000 

260,000 

i         353,784 

1,224,805 

43,354 

1,268,659 

1,387,559     i 

: 

1,387,559 

Massena  Canal  Intake  &  Dikes  * 

101,220 

1,220,460 

46,000 

6,050     : 

1,272,510 

1,343,600 

185,990     1 

2,029,590     i 

:           91,210 

1,026,144 

120,700 

5,930 

1,152,774 

832,768     • 

61,371     ': 

394,139 

Long  Sault  Canal  &  Dikes 

13,830 

5,924,900 

1,223,000 

7,147,900 

4,096,940 

112,500     : 

4,209,440     i 

J 

5,743,300 

1,269,300 

7,013,100 

7,008,900 

553,233 

7,562,133 

Long  Sault  Guard  Gate  &  Dikes 

42,600 

42,550 

: 

42,550 

! 

:'           97,957 

571,892 

571,392 

242,915 

242,915 

Robinson  Bay  Lock  S:  Dikes 

420,520 

878,530 

378,530 

: 

i         522,524 

1,376,522 

30,565 

1,907,087 

2,135,359 

2,135,359 

Grass  River  Lock  &  Dikes 

351,060 

1,296,950 

1,296,950 

: 

I 

i         363,360 

1,929,092 

28,340 

1,957,432 

1,630,702 

1,630,702 

Long  Sault  Dam  &  Dikes  * 

813,630 

3,607,270 

317,500 

U5,900     ! 

4,070,670 

339,530 

43,340     : 

388,370     : 

:         642,400 

2,997,789 

350,000 

287,800 

3,635,589 

223,954 

18,002 

2a,956 

Miscellaneous  Dikes 

571,390 

571,390 

5,247,480 

663,180     : 

5,910,660     ': 

433,110 

433,110 

6,014,458 

219,549 

6,234,007 

New  Cornwall  Look  end 
Guard  Gate 

98,340 

365,390 

365,390 

: 

: 

i         172,535 

405,533 

13,603 

a9,ui 

743,307 

743,307 

Channel  Excavation  ooramon 
to  Navigation  and  Power 

13,394,360 

23,037,620 

3,477,200     :     413,370 

40,877,550 

: 

: 

21,885,100 

15,606,700 

2,379,600 

402,550 

40,773,950 

Barnhart  Is.   Powerhouse  in- 

: 

: 

: 

: 

■ 

. 

: 

cluding  Tailrace  Excavation, 

: 

! 

: 

; 

t 

Crab  Is.  Shoal  Excavation, 
and  South  Forebay  Dike  * 

1,493,540 

5,419,760 

2,307,490 

: 
586,750     : 

8,3U,O00 

1,578,480 

126,600     : 

: 
1,705,080     : 

:'     1,509,000 

:       7,493,200 

:       1,837,500 

!         497,620 

: 

!       9,328,320 

:           697,775 

• 

:           43,210 

i            745,935 

Totals 

3,602,010 

37,398,430 

27,302,110 

4,222,960     :     US, 370 

69,341,870 

14,192,520 

1,442,190     : 

15,634,710     : 

:      4,007,320 
t 

49,027,187 

:     19,439,700 

':     3,812,217 

i         402,550 

: 

:     72,681,654 

:     21,796,397 

':     1,040,065 

1 

:       22,336,462 

J 

*     Does  not  include  cofferdams. 
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TABLE   7 

COMPARISON  OF  UNIT  PRICES 
(exclusive  of  2b%  for  Engineering  and  Contingencies) 


Jan.  3,   1941  June  1941 

Joint  Board  U.   S,  E.  D. 

Mass  concrete   in  locks.., ^   10.00  c.y*  $   10.00  c.y. 

Mass  concrete  in  dams. •••.•••• )  10.00  o.y. 

Pier  concrete   in  dams. ...•••. ••)     12.00  c.y.  18.00  c.y. 

Bridge  concrete   in  dams.... •••.•••..• )  30.00  c.y. 

Concrete  in  powerhouse  substructure  .)     15.00  c.y.  16.00  c.y. 

Rock  excavation,  dry 1.60  c.y.(l)  1.60  c.y.(l) 

Rook  excavation,  wet....... ••...          4.25  c.y.(l)  4.75  c.y.(l) 

Common  excavation,  dry.... ..•••.    0.65  c.y.(l)  0.50  c.y.(l) 

Common  excavation,  wet.......... 0.90  o.y.(l)  1.05  c.y.(l) 

Lock  excavation,  common..... .........    0.65  c.y.  0.65  c.y. 

Embankment.. 0.90  c.y.(l)  0.50  c.y.(l) 

Riprap..... 1.00  to  2.00  1.50  to  2.00 

Dam  gates. • 13.00  sq.  ft.  15.00  sq.ft. 

Structural  steel  for  lock  gates  and 

similar  work (2)  0.10  1b. 

Look  backfill  .......•• (S)  0.40  c.y. 

Cofferdam  and  diversion  at  Long  Sault 

Dam.......... $5,755,370  ^5,083,000 

lump  sura  lump  sum 

(1)  Usual  price,  but  some  exceptions. 

(2)  Not  known,  but  overall  gate  estimates  agree  fairly  well 

with  U.S.  estimates. 

(3)  No  estimate  shown;  probably  included  in  xmit  price  for 

excavation. 


75.  BASIS  OF  NEW  ESTIMATES.-  New  detailed  estimates  have  new  been 
prepared,  based  upon  completed  design  of  a  number  of  major  structures 
and  other  changed  conditions,  as  discussed  below,  and  incorporating  the 
results  of  work  from  J\me  1941  to  May  1942.  Estimates  on  some  features 
for  which  contract  plans  have  not  been  made,  but  for  v/hich  current  in- 
vestigations show  large  variations  in  materials  or  materials  and  work 
classification,  have  been  revised  in  accordance  with  the  new  data.  No 
revision  has  been  made  in  estimates  of  features  for  which  new  design  or 
investigation  work  is  incomplete.  Certain  features  of  the  proposed 
project,  to  be  constructed  entirely  in  Canadian  territory,  have  not  been 
studied  by  this  District  since  the  work  would  be  perfomed  by  Canadian 
authorities.  Estimates  on  these  features  are  based  on  data  received 
from  Canadian  Engineers.  The  new  estimates  have  been  based  on  the  gen- 
eral price  level  of  the  summer  and  fall  of  1941.  Inasmuch  as  the  unit 
prices  of  the  Jvine  1941  estimate  attempted  to  anticipate  the  prices  of 
the  same  period^  there  is  no  great  difference  in  the  prices  for  genei^l 
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items  in  the  two  estimates,  except  in  machinery  and  powerhouse  equipment, 
on  which  items  manufacturers  have  quoted  radically  higher  prices.  How- 
ever, where  detailed  take-offs  from  contract  drawings  are  available,  the 
general  items  are  distributed  into  individual  bid  items,  in  which  there 
are  numerous  instances  of  local  variations  in  cost*  Another  factor  which 
resulted  in  variation  of  the  estimates  is  the  supply  of  strategic  and 
critical  materials.  The  design  of  the  various  features  of  the  project 
was  started  on  the  basis  of  the  use  of  ordinary  engineering  materials, 
but  in  the  fall  of  1941  shortages  had  developed  in  many  strategic  mater- 
ials, such  as  paint,  copper  water  stops,  rubber  seals,  aluminum,  etc., 
and  numerous  revisions  were  necessary  to  provide  for  the  use  of  substi- 
tutes or  alternate  designs.  In  view  of  the  rapidly  changing  conditions, 
it  is  impossible  to  forecast  the  price  levels  and  availability  of  mater- 
ials which  will  exist  at  time  of  construction*  For  this  reason,  great 
refinement  in  estL-nates  is  not  justified.  United  States  and  Canadian 
works  have  been  estimated  on  the  same  prices.  All  estimates  have  been 
based  on  a  program  of  construction  for  production  of  initial  power  in 
44  months,  for  provision  of  navigation  through  the  27-foot  locks  in  48 
months,  and  for  completion  of  the  project  in  approximately  60  months. 
The  program  involves  working  simultaneously  on  most  of  the  project  fea- 
tures in  three  shifts  throughout,  and  the  maximum  possible  amount  of  work 
during  the  winter  months  when  construction  would  normally  be  severely  re- 
stricted. Such  a  program  will  undoubtedly  result  in  a  considerably  great- 
er cost  than  under  normal  conditions.  A  still  more  irapid  construction 
program,  as  suggested  at  times,  would  result  in  further  materially  in- 
creased cost.  Such  shortened  period  would  require  mobilization  of  an 
extremely  large  euaount  of  plant  and  equipment  and  would  impose  a  very 
heavy  load  on  mantifacturers  of  materials,  plant,  and  equipment.  It  will 
be  noted  that  the  new  estimate  is  substantially  larger  than  those  of  the 
preceding  year.  For  this  there  are  a  number  of  reasons: 

^.  The  new  estimate  is  the  first  one  reflecting  the  results  of 
the  extensive  additional  suirveys  and  explorations  of  the  previous  17 
months.  These  disclosed  the  existence  of  ledge  rock  in  considerable 
quantities  in  areas  which  had  previously  been  assumed  to  be  earth.  They 
also  disclosed  large  amounts  of  very  soft  marine  clay  involving  unantici- 
pated difficulties  in  foundations,  cxxts  and  embankments.  The  more  accur- 
ate soundings  showed  the  river  bed  to  be  somewhat  higher  than  expected, 
giving  a  very  substantial  increase  in  the  amount  of  excavation  in  the 
river  channels* 

b.  Estimates  from  plans  based  on  svirveys  and  foundations  ex- 
plorations and  quotations  from  manufacturers  of  hydro-electrio  equipment 
have  resulted  in  an  increase  in  cost  of  about  $31,500,000  for  "V^orks 
Primarily  for  Pcwer''  over  the  June,  1941  estimate. 

_o.  As  a  result  of  hydraulic  studies  in  the  Galop  Reach,  dis- 
cussed in  paragraph  35d,  and  improvement  in  channel  alignment  in  the 
Iroquois  to  Morrtsburg  Reach,  discussed  in  paragraphs  37  and  43,  in  con- 
junction with  revised  soundings  and  subsurface  explorations  the  amount 
of  channel  excavation  common  to  navigation  and  power  has  been  increased. 
This  change  has  resulted  in  an  increase  in  cost  of  about  $5,950,000  for 
the  Recommended  Flan  and  would  amount  to  an  increase  in  cost  of  about 
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♦30,950,000  if  the  Alternate  Plan  should  be  adopted.  However,  as  stated 
in  paragraph  35f  either  of  these  plans  would  result  in  a  gain  in  head  at 
the  powerhouse  varying  from  about  0,2  feet  to  about  2.6  f eet# 

d«     Foundation  investigations  revealing  deposits   of  marine  olay 
and  relocation  of  the  powerhouse  have  resulted  in  a  relocation  of  the 
Cornwall  locks  and  oanal*     These  conditions  liave  resulted  in  an  increase 
in  cost  of  about  $7,000,000  for  this   item. 

e*     About  $6,000,000  has  been  added  to  the  new  estimate  for  items 
not  included  in  the  previous  estimate  but  which  are  considered  essential 
to  the  prosecution  of  the  work  of  construction*     These   items   include, 
among  others,  the  Village  of  Seaviay  to  be  used  as  administrative  head- 
quarters and  for  the  housing  of  government  employees  and  the  construction 
and  relocation  of  power  facilities  for  construction  purposes. 

f»  Finally,  it  must  be  emphasized  that  all  previous  estimates 
were  based  on  preliminary  sketches  while  most  of  the  items  in  the  current 
estimate  are  the  results  of  complete  engineering  studies,  with  the  so- 
lution of  all  outstanding  problems,  and  the  preparation  of  detailed  plans 
and  specifications.  This  has  resulted  in  higher  estimates  in  some  in- 
stances where  technical  difficulties  v/ere  not  fully  realized  until  the 
complete  study  was  made. 

76.     HEW  ESTIMATES. -Summaries  of  estimates  for  each  feature  of  the 
project  have  been  included  in  Chapter  III,  and  detailed  estimates  for 
these  features  which  have  been  given  more  complete  study  are  contained 
in  the  appendices.     In  the  preparation  of  these  estimates,  allowance  for 
engineering  and  contingencies  has  been  made  at  the  rate  of  ISfo  for  fea- 
tures for  which  contract  plans  have  been  prepared;  21^  for  features  re- 
vised on  the  basis  of  current  investigations;  and  25?5  for  features  with 
a  status  equivalent  to  that  of  the  Jxme  1941  estimate.     Summary  of  the 
revised  detailed  estimates  by  features   is  given  in  Table  8  and  a  re- 
capitulation of  these  estimates   is  given  in  Table  9.     The  comparative 
quantities  for  the  June  1941  estimate  and  the  revised  (April  1942)  es- 
timate for  those   items  for  which  quantities  were  of  such  magnitude  as 
to  be  of  real  importance  are  given  in  Table  10. 
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TABLE  8 
Project  Estimate  by  features,   April  7,   1942 

t        :  t 

t  Canada  t    U»  S.    t       Total 

A,  Y.'orks  Solely  for  Navigation |45,84l,0OO   |43,841,000 

I.     Tipper  Pool. |7, 361 ,000         |7,351»000 

Point  Pvookway   Canal  ^  Approach 

Channels  (Feature  7).,,., 0                           0* 

Point  Rockway  Lock  &  Attached  Dikes  7,351,000 7,351,000 

(Feature  8)  — 

II.      Lower   Pool. $36,490,000       $36,490,000 

Long  Sault  Canal  &  Dikes   (feature   16),  8,335,000  8,335,000 

Long  Sault    Canal   Guard  Gate  &   Dike  jfZ, 
(Feature  No. 17) 2,997,000  2,997,000 

Robinson  Bay  Lock  &  Attached  Dikes 
(Feature  No. 18.) 12,394,000  12,394,000** 

Grass   River  Look  l^-  Attached  Dikes 
(i-eature  Ko.    20) 10,650,000  10,650,000 

Relocation   of  Mew  York  Central  Rail- 
road &   Roosevelt  Highway  (Feature 
Fo,    35) 2,114,000  2,114,000 

♦  l'>08vation  of  Point    Rockway  Canal   is   included   in  Iroquois   Dam  and  point 
Rockv.ay   Look   (Features  4  and  8)    since  the  excavated  material   is   to  be 
used  in  construction  of  these  features.    The   costs   of  ths   canal  excavation 
as   included  in  thr  estimate   of  these  features  are:    Iroquois    0am  ;$2,816,000 
and  Po'nt  Rockway   Lock  $1,707,000,   or  a  total   of   $4,523,000. 

♦♦Includes  furnishing  miter  gate,   segmental  valve,  and  vire  rope  fender 
machinery  for  Grass  River  Lock;  -wire  rope  fender  and  sector  gate  machi- 
nery for  Long   Sault  Guard  Gate;  "w-i  re   rope   fender  machinery  for  Point 
Rockv.ay  Lock;    and    spare  fender  parts   for  the  T»hole  system  -  all  at  an 
estinsted  cost  of   $912,016. 

B.     Works  Primarily  for  Power  $43,906,000     ^104,138,000  $104,044,000 

I.      Structures,  Feadrace  k   Tailrace  56,647,000       56,647,000 

Excavation •••.. 

Bamhart  Island  South  Forebay 

like    (Feature   23)  1,200,000         1,200,000 

Channel   Improvement   below 

Barnhart  Isld,  powerhouse 

(Feature   32) 2,412,000         2,412,000 
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TABLE     8   (cont.) 

Project   Estimate  by  Features,   April   7,   1942 
_  J  -  - 

t    Canada     t  U«S. i  Total 

Structures   (Structure  Items 

of  Feature   24) 52,467,000            52,467,000 

Railway  &  Highway  to  Canadian 

PowerhovB  e    (Feature   29)...  568,000 568 ,000 

II,  Machinery  &  gquipment $43 ,906 ,000|47 ,491 ,000         $91,397,000 

Machinery  &   Equipment  (Items 
of  Feature  24) 43,906,000   47,491,000  91,397,000 

C.     Works   Common  to  Navigation  & 

Po^er  $22,414,000  124,054,400     $146,448,400 

1.  Channel   Excavation. $50,243,400       $50,243,400 

Channel  Work  vicinity  Galop 

Island   (Fea-fure  1) 25,072,200  25,072,200 

Channel  work  Mi.   74-76.5(Fe?it - 

ure    3) 6,357,200  6,357,200 

River  work  -  Point   Three  Points 

to   Canada  Island   (Feature  9)  9,409,000  9,409,000 

Improvement  of   South  Channel 

below  Mi.    107.4   (Feature   33)  7,066,000  7,066,000 

Cornwall  Channel   Enlargement 

(Feature   34) 2,339,000  2,339,000 

2.  Ice  Cribs   (Feature   2) $514,000  $514,000 

3.  Iroquois    Dan    &   Dikes   (Feature  4)  $16,057,000       $16,057,000 

4.  Dikes. $910,000  $910,000 

Dikes   on  U.S.    side  between  Wad- 

dington  and  Croil   Isld. (Feature 

14) 735,000  735,000 

Minor  dikes   on  Canadian   side 

(Feature   25) 175,000 175,000 

5.  Massena  Canal  Intake  &  Attached  Dikes 

(Feature  l5) 5,454,000  $5,454,000 

6.  Long  Sault   Dam,   Diversion  Cuts, 

jr   Attached   Dikes    (Feature    22)  $19,553,000        $19,555,000 

7.  Kew    Cornwall   Canal  $11,190,000        $11,190,000 
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TABLE  8  (oont.) 
Project  Estimate  by  Features,  April  7,  1942 


t  Canada  t   U.  S. 


Total 


Canal  dike,  north  powerhouse 
embankment  and  draiimge  ditch 
(Feature  26) 

Corxmall  Canal  Relocation  (Fea- 
ture 27) 

Lock  k   Guard  Gate  (Feature  28) 


3,736,000  3,735,000 

435,000  435,000 

7,020,000  7,020»000 


8.  Work  at  Look  25   (Feature  5)»,, 

9,  Railroad  Relooation    ,,, 

Korwood  &  St,   L»   Railroad  (Fea- 
ture 13) 

Canadian  National   Ry,    (Feature 
30) 


10«  Clearing  Pool   (Feature  39).. 


11»  Rehabilitation  of  Morrisburg 

(x^'eature   llj $5,024,000 


12,  Rehabilitation  of  Iroquois 

^Feature  6J 3,379,000 


13.  Acquisition  of  Lands.... $14,011,000 

U.S.  (Incl,  Features  10  &  37).. 

Canada  (Feature  38),, 14,011,000 


$         604,000     I        604 ,000 
I     5,699,000     $  3,699,000 


261,000  261,000 

3,438,000         3,438,000 

500 ,000     $       500,000 


$  5,024,000 


$   3,379,000 

$  6,200,000     $20,211,000 


6,200,000         6,200,000 
14,011,000 


14#  Highv/ay  Relocation, 


U.    S.  Pighways-Massena  to  Wadding- 
ton   (Feature    12).... 

Kings  Highway  Ho,   2  (Feature  31) 

15.   Raising  Look  21   &  Dikes   (Feature   22). 

16 •   Seaway  Village   (Feature   21.,..,..., 

17,   Power   Distribution  Facilities   for 
Construction  ^Feature    21),. ......... 


§2,974,000       $2,974,000 


849,000  849,000 

2,125,000  2,125,000 

I     125,000       $     125,000 


$5,650,000       $5,650,000 
$      217,000        $      217,000 


18.   Relocetion  of  St.   Lawrence  River  Power 
Conip£<ny  transmission  Line  over  Robinson 
Bay  Lock  and  powerhouse   ^Feature   36}... 


I 164,000       $     164,000 
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TABLE     9 

RECAPITULATION  OF  PROJECT  ESTIMATE,   APRIL  7,1942 

Canada  U,S>                    Total 

A«     Works  Solely  for  Navigation  ' 

I,     Tipper  Vool  $  7,351,000 

II.     Lower  Pool  36,490,000     $  43,841,000 

B.  Works  Primarily  for  Power 

1.  Stiniotures,  beadraoe  & 

Tailraoe  Excavation  56,647,000 

II.     Machinery  &  Equipment       $43,906,000  47,491,000       148,044,000 

C.  Works  Common  to  Navigation  &  Power 

Tl     Channel  Excavation  50,243,400 

2.  Ice  Cribs  514,000 

3.  Iroquois   Dam  &  Dikes  16,057,000 

4.  Dikes   (Detached  Dikes)  910,000 

5.  Massena  Canal  Intake  &  Attach- 

ed  Dikes  5,434,000 

6.  Long  Sault   Dam,  Diversion  Cuts 

&  Attached  Dikes  19,553,000 

7.  New  Cornwall  Canal  11,190,000 

8.  Work  at  Look  25  604,000 

9.  Railroad  Relocation  3,699,000 

10.  Clearing  Pool  500,000 

11.  Rehabilitation  of  Morris- 

burg  5,024,000 

12.  Rehabilitation  of  Iroquo- 

is 3,379,000 

13.  Acquisition  of  Lands           14,011,000  6,200,000 

14.  Highway  Relocation  2,974,000 

15.  Raising  Lock  21  &  Dikes  125,000 

16.  Seaway  Village  6,650,000 

17.  Power  Distribution  Facili- 

ties for  Construction  217,000 

18.  Relocation  of  Transmission  Lines  164,000 

146,448,400 

TOTAL 165,320,000     ^272,013,400 1338, 53^,400 

Under  the   International  Agreement   of  March  19,   1941,    ihe  cost 
chargeable    to  power  would  be  as  follows: 

All   of  "B" $148,044,000 

Half  of   "C" 73,224,200 

Total  charged  to  power,,,  $221,268,200 

The  cost   chargeable  to  navigation  would  bet 

All   of   "A" I  43,841,000 

Half  of  "C" 73,224,200 

Total  charged  to  naviga- 
tion   $117,065,200 
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COMPARISON       OF       QUANTITIES 
Estimate  of  June.  19^ 


TABLE 
I  H      EST 


!      Concrete 
: (All  Classes) 


EICAVATION 


Earth,  Dry 
e.  7. 


Earth,  Wet 
e.  r. 


Rock,  Dry     :  Rook,  Wet  :     Total  Exc. 
g-  T.         !      c.  y. i c.  y. 


FILL 


MATES       OF       JDNE,       1941      AND      APRIL,       1942 

Estimate  of  April.  1942 


Earth 


Bock 
Si  T« 


Total  Fill 


.: :      Concrete 
:i(All  Classes) 
_li e.  y. 


EXCAVATION 


Earth,  Dry 


Earth,  Wet 
gi  Tt 


Rook,  Dry 


Rock,  Wet 
£x_Zi 


Total  Exc. 


Earth 

e.  y. 


Rook 
c.  y. 


Total  Fill 
g-  7. 


Iroquois  Dam  and  Dikes  * 

Point  Rockway  Canal 

Point  Rookway  Lock  &  Dikes 

Uassena  Canal  Intake  &  Dikes  * 

Long  Sault  Canal  &  Dikes 

Long  Sault  Guard  Gate  &  Dikes 

Robinson  Bay  Lock  &  Dikes 

Grass  River  Lock  &  Dikes 

Long  Sault  Dam  &  Dikes  • 

Miscellaneous  Dikes 

Hew  Cornwall  Lock  &  Guard  Gate 

Channel  Excavation  common  to 
Navigation  and  Power 

Barnhart  la.  Powerhouse  in- 
cluding Tailrace  Excavation, 
Crab  Is.  Shoal  Excavation, 
and  South  Forebay  Dike  » 

Totals 

*  Doss  not  include  cofferdams. 


1  254,500 

i 

:  353,784 

I  91,210 

:  97,957  : 

:  522,524 

1  363,360 

1  642,400 

:  172,585 


1-^°^-°°° 


:     4,007,820 


448,000 
2,992,700 
1,224,805 
1,026, L14 
5,743,300 

571,892 
1,876,522 
1,929,092 
2,997,789 

433,110 

405,533 

21,885,100 
7.493.200 


255,000 

120,700 
1,269,800 


24,900 

43,854 
5,930 


30,565 
28,340 
350,000     :         287,800 

I  13,608 

15,606,700     I     2,879,600     i     402,550 


1.837.500 


49,027,187 


19,439,700 


497.620 


3,812,217 


402,550 


472,900 
3,247,700 
1,268,659 
1,152,774 
7,013,100 

571,892 
1,907,087 
1,957,432 
3,635,589 

433,110 

a9,ui 

40,773,950 
9.828.320 


210,000 

663,200 
1,387,559 

332,768 
7,008,900 

242,915 
2,135,859 
1,630,702 

223,954 
6,0U,458 

743,307 


_62Lm. 


96,000 
43,700 

61,371 
553,233 


18,002 
219,549 


72,681,654 


21,796,397     I     1,040,065 


4?i?y 


306,000 

711,900 
1,387,559 

894,139 
7,562,133 

242,915 
2,135,859 
1,630,702 

2a,956 
6,234,007 

743,307 


JiiiS^ 


22,836,462 


243,500     I 

272,550 
92,500 

131,000     : 
497,300 
386,750 
583,500 

383,000 


;•     1.918.000 
:     4,508,100 


757,200 

2,412,000 

3,588,000 

1,513,000 

15,906,000 

3,313,000 

7,973,000 

3,980,000 

350,799 

686,000 


32,000 
928,000 
516,000 

11,900 


20,000 
18,000 
85,000 

25,330 


1^.071.000     t       1.857.500 


73.199.999    i     22.535.900 


28,650,000     J     20.698,1»00     i       1,691,000     I         579.000 
I  :  I 


225.000     t_ 


3,552.230    :        579,000 


789,200 
3,340,000 
4,104,000 
1,524,900 
15,906,000 

3,333,000 

7,991,000 

4,065,000 

350,799 

711,330 

51 ,6l8  .UOO 
6.133.500 


99.857,129 


211,500 

748,900 
1,535,000 
3,342,000 

ao,65o 

2,704,000 
1,747,900 

303,300 
5,991,311 

666,000 


65,400 

49,000 

97,600 

193,000 

65,700 

50,400 

33,300 

34,800 

260,207 

128,000 


27o,900 

797,900 
1,632,600 
3,535,000 

476,350 
2,754,400 
1,786,200 

338,100 
6,251,518 

794,000 


21,051,868 
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77.     SCHEDUIE  OF  EXPEKDITURES.*     A  schedule    of  expenditures  by  fis- 
oal  years  for  the  complete   project  has  been  prepared,  based  on  a  work 
schedule  providing  initial   power  in  44  months,  and   27-foot  navigation 
in  48  months*     This  schedule,  shown  in  Table  11,   contemplates  that  pre* 
liminary  work  and  award  of  contracts  will  be  initiated  about  Januaiy   1 
of  the  first  fiscal  year  of  construction,  and  that   actual  construction 
will   start  about  Aprtl  1   of  the  same  year.     Preliminary  funds  as  shown 
will  be  required  at  the  beginning  of  the  work  on  January  1  of  the  first 
year. 


B.   JONES, 
.,   Corps   of  Engineers, 
District  Engineer, 
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